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ABSTRACT 

Obtaining accurate redshifts from mid-infrared (MIR) low-resolution (R ~ 100) spectroscopy 
is challenging because the wavelength resolution is too low to detect narrow lines in most 
cases. Yet, the number of degrees of freedom and diversity of spectral features are too high for 
regular spectral energy distribution (SED) fitting techniques to be convenient. Here we present 
a new SED-fitting based routine for redshift determination that is optimised for MIR low- 
resolution spectroscopy. Its flexible template scaling increases the sensitivity to slope changes 
and small scale features in the spectrum, while a new selection algorithm called Maximum 
Combined Pseudo-Likelihood (MCPL) provides increased accuracy and a lower number of 
outliers compared to the standard maximum-likelihood (ML) approach. Unlike ML, MCPL 
searches for local (instead of absolute) maxima of a "pseudo-likelihood" (PL) function, and 
combines results obtained for all the templates in the library to weed out spurious redshift 
solutions. The capabilities of MCPL are demonstrated by comparing its redshift estimates to 
those of regular ML and to the optical spectroscopic redshifts of a sample of 491 SpitzerflRS 
spectra from extragalactic sources at < z < 3.7. MCPL achieves a redshift accuracy A(z)/(1 + 
z) < 0.005 for 78% of the galaxies in the sample compared to 68% for ML. The rate of outliers 
(A(z)/(1 + z)> 0.02) is 14% for MCPL and 22% for ML. X 2 values for ML solutions are 
found to correlate with the SNR of the spectra, but not with redshift accuracy. By contrast, 
the peak value of the normalised combined PL (y) is found to provide a good indication on 
the reliability of the MCPL solution for individual sources. The accuracy and reliability of 
the redshifts depends strongly on the MIR SED. Sources with significant polycyclic aromatic 
hydrocarbon emission obtain much better results compared to sources dominated by AGN 
continuum. Nevertheless, for a given y the frequency of accurate solutions and outliers is 
largely independent on their SED type. This reliability indicator for MCPL solutions allows 
to select subsamples with highly reliable redshifts. In particular, a y > 0.15 threshold retains 
79% of the sources with A(z)/(1 + z) < 0.005 while reducing the outlier rate to 3.8%. 

Key words: catalogues - galaxies: distances and redshifts - infrared:galaxies - methods: data 
analysis 



1 INTRODUCTION 

Finding a galaxy's redshift typically requires the identification 
of narrow emission or absorption lines in a medium- or high- 
resolution spectrum (spectroscopic redshift). Alternatively, broad 
features of the spectral energy distribution (SED) are revealed 
by multi-wavelength photometry, and can be used to obtain pho- 
tometric redshifts. Spectroscopic redshifts are accurate but very 
time-consuming, while photometric redshifts offer limited accu- 
racy (typically in the Az/(1 + z) ~ 0.01-0.1 range) and suf- 
fer from color degeneracies that may lea d to catastrophic errors 
dFernandez-Soto et all 19991 ; lBemtezll200Cl) . 

Halfway between the two is low resolution spectroscopy 
(LRS), which at R ~ 50-100 provides a compromise between 
sensitivity and spectral resolution. LRS has become common in 



space based infrared missions, particular ly Spitzer with the Infrared 
Spectrograph (IRS; iHouck et alj |2004) . and later AKARI and 
its Near-infrared Cam era/spectrometer (IRC) dOnaka et alj|2007l : 
iMurakami et alj|2007t) . 

Future infrared missions will also provide LRS capabilities, 
including the Mid -InfraRed Instrument onboard JWST (MIRI; 
IWright et aT] 120081) and two instruments for SPICA: the Mid- 
InfRAred Camera w/wo LEns (MIRACL E; IWada & Kataz3l2010l) 
and the far-infrared instrument (SAFARI; lGoicoechea et al.ll201ll) . 

Since the spectrum is spread over a smaller number of pixels, 
mid-infrared (MIR) 5-35 |im LRS offers higher continuum sen- 
sitivity with a spectral resolution still capable of resolving many 
features used for diagnostics, like the polycyclic aromatic hydro- 
carbon (PAH) bands and absorption bands from silicates, water ice, 
and carbon monoxide, among others. 
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LRS has also the potential to yield redshifts with accuracies 
intermediate between those of medium resolution spectroscopy and 
photometric redshifts, since the theoretical redshift resolution is 
proportional to the wavelength resolution: Az/(1 + z) ~ /S.A/A. Nev- 
ertheless, narrow spectral lines are marginally unresolved at LRS 
resolutions, and this outweighs for them the sensitivity advantage 
over higher resolution spectroscopy, since the lines get washed out 
by the continuum emission. Because of this dilution, narrow lines 
are clearly detected only in high signal to noise ratio (SNR) spec- 
tra or in sources with large equivalent width (EW). Therefore, fine 
structure lines observed at LRS are not suitable for spectroscopic 
redshift determination in the general case. 

In MIR spectra, the PAH and silicate bands are routinely used 
to est i mate the redshifts of optically faint sources (e.g. Houck et"al] 
120071 : lYanetal.ll2007l ; iFarrah et alj 120091 : IWeedman et alj|2009h . 
However, since they often show complex morphologies, it requires 
a visual inspection to properly identify them, particularly in sources 
with high obscuration or where a strong active galactic nucleus 
(AGN) continuum reduces the contrast of the features. In addition, 
spectra with low SNR make it difficult to identify individual fea- 
tures even to the trained eye. 

When spectroscopic redshifts are not workable, the backup 
strategy is photometric redshifts. The multiple photometric redshift 
techniques developed can be classified in two mai n groups: those 
based on "learning" with a large training set ( e.g. IConnollv etal 
19951: iBrunet et al 1 r "»"- »' • 1 '•»"•• r ' " : • ' 1 1 
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SED-fitting works well with broadband photometry in the op- 
tical and near-infrared (NIR) because the SED of galaxies in this 
range shows little diversity. In normal galaxies the SED is domi- 
nated by starlight, and it can be successfully modelled by the com- 
bina tion of a few stellar populations obscured by a s creen of dust 
(e.g. lBruzual & CharloJl993l.l2003l:ISilva et al.ll998l) or compared 
to a small set of empirical (e.g.lAssef et alj2008l) or semi-empirical 
(e.g. lColeman et al J 198Cl : lllbert et alj|2006t) templates. 

Even if the galaxy hosts a low luminosity AGN or an ob- 
scured AGN of any luminosity, it has little impact on the broad- 
band SED of the galaxy. Only quasars produce continuum emis- 
sion strong enough to dominate the optical-NIR SED of the 
galax y, and they become a hassle for photometric r edshift rou- 
tines ( Hatziminaoglou et al. 2000; Richards et al. 2001). This is be- 
cause their power-law SED does not provide high contrast features, 
and the broad emission lines require good c overage with narrow 
or intermediate band filters to be iden tified teemtez et alJl2009l : 
iMatute et alj2012l ; lAbramo et alj|2012l) 

In the MIR, SED-fitting is far more problematic because the 
output of galaxies arises from several independent processes, in- 
cluding the Rayleigh- Jeans tail of stellar emission, thermal emis- 
sion from hot and warm dust heated by the (active) nucleus, flu- 
orescence of PAH molecules, radiative transitions of ionised and 
neutral atoms, rotational and vibrational transitions of H 2 and other 
molecules, and non-thermal radiation from radio sources (AGN, 
supernovae, masers). 

Furthermore, there is high dispersion in the correlation be- 
tween emission from the stellar component and the interstellar 
medium, and population synthesis codes do not yet reproduce ac- 
curately spectral features at wavelengths A > 5 urn , in particu- 



lar PAH emission jBrodwin etafl l2006). In practice, adding pho- 
tometric points at wavelengths A > 5 urn to an optical-NIR SED 
does n ot improve the accuracy of th e redshift solution. Never- 
theless, iRowan-Robinson et alj |2008) successfully apply a two- 
step method to fit photometry long ward and shortward o f 5 urn 
with to separate set of templates, and lNegrello et al. I fe009h obtain 
A(z)/(1 + z) < 0.1 for 90% of sources in the range 0.5 < z < 1.5 
using a combination of /SO, Spitzer, and AKARI photometry in the 
3.6-24 \an range. 

Template fitting can produce very accurate redshift estimates 
with MIR LRS if one important issue is addressed. Because of 
the diversity of MIR SEDs and the large number of data points 
in the spectrum (compared to photometric SEDs), it cannot be ex- 
pected that every source in a survey will find an accurate model of 
its MIR SED in the template library. As a consequence, the stan- 
dard approach of SED-fitting photometric redshifts (that is, shifting 
and scaling of the template, and a x 2 minimisation to find the best 
fit) needs to be modified. This is because it favours the templates 
that best reproduce the overall shape of the continuum even if the 
smaller scale features (the ones capable of producing an accurate 
redshift) are poorly fit or misplaced. 

A good match at certain redshift between small scale spec- 
tral features of the spectrum and a template will be signaled by a 
sudden drop in the value of the x 2 statistics relative to values for 
similar redshifts. This may not be the absolute minimum in^ 2 if 
the shape of the continuum is somewhat different for the spectrum 
and template, and there may be more than one such dips if one or 
more features produce partial matches by chance. 

In addition, it is likely that several templates have at least some 
features in common with the spectrum. Each of them will produce 
a drop in x 2 at the actual redshift of the source, while spurious 
alignments can occur at different redshifts for each template. Thus, 
filtering the redshift values at which different templates obtain lo- 
cal minima of x 2 , and then combining them in a way that favours 
strong dips as well as frequently repeated redshifts, allows to ob- 
tain a redshift solution that is much more robust than finding the 
absolute minimum of^ 2 for any template. 

In this work a routine for redshift estimation from MIR LRS 
based on these principles is presented, and its capabilities demon- 
strated using a large sample of extragalactic sources with both op- 
tical and SpitzerflRS spectroscopy. 

The outline of the paper is as follows. Section 2 presents the 
algorithm for redshift estimation and explains the features that de- 
part from regular^ 2 minimisation routines. §3 describes the sample 
selection and §4 the template library. §5 evaluates the accuracy and 
reliability of the redshift estimates obtained and their dependency 
with the MIR type of the source. §6 briefly summarizes the main 
conclusions of the paper. 



2 THE METHOD 

The redshift determination algorithm described here is imple- 
mented by the Redshift COde for LOw-Resolution Spectroscopy 
(zCOLORS), developed by the author. It obtains the redshift of a 
source as well as an estimate of its reliability by comparing its MIR 
spectrum (hereafter, the spectrum) with a set of spectral templates 
(hereafter, the templates). 

Let V(A) be the flux density of the spectrum as a function of 
the observed wavelength A, and Sk(A') the flux density of the fc-th 
template as a function of the restframe wavelength A'. 

Both the spectrum F(A) and templates St(/T) are resampled 
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to a common grid of wavelength values A t = Agefi'. The parame- 
ter p determines the spectral resolution R = 1/yS of the resampled 
spectrum and templates. The uniform spacing in log A is convenient 
for computational efficiency reasons, since such sampling ensures 
that the set of redshift values Zj = eP' — 1, also evenly spaced in 
log(l + z), verifies A i+J = + Zj) for every (i, j). This allows to 
obtain the observed frame templates for redshift Zj, sampled at the 
same wavelengths as F(A), by just shifting one position the indices 
of the templates for Zj-\, with no need for a new resampling or in- 
terpolation. 

For every redshift zj and template k, the routine performs a 
least squares fit in which the template flux is scaled to fit the spec- 
trum. Since the overall continuum slope provides little information 
on the redshift of the source, the flexibility of the fit is increased 
by allowing for a wavelength-dependent scaling factor. That is, the 
spectrum F(A) is fitted to a function of the form: 

f k (A, Zj ) = (a k ( Z] ) + b k (zj) ■ log A) ■ S k (-^—) (1) 

where a, b are free parameters. 

This flexible scaling helps the templates obtain better fits even 
if their continuum slope is somewhat different from that of the spec- 
trum. As a consequence the fit becomes more sensitive to small 
scale features in the spectrum. 

In a standard template fitting, the goodness of fit is quantified 
by the reduced ;f 2 statistics: 



1 % / 



(2) 



where N jk is the number of A values in which the (resampled) spec- 
trum and the redshifted template k overlap at redshift zj, and o"; is 
the one sigma uncertainty in F(Af). 

The likelihood of a given redshift and template pair (z, 7") is 
then .J^ T (z) °c e~ x ~r (A ', and assuming all templates and redshifts have 
the same probability a priori, the maximum likelihood (ML) solu- 
tion is simply the (z, T) pair that maximizes J?t(z). 

The ML solution also assumes that the template set is exhaus- 
tive (includes all possible types), but this condition is difficult to 
meet with samples of MIR spectra because of the high number of 
physical processes involved. 

When none of the templates is an accurate model of the spec- 
trum, the x 1 minimisation favours those templates that best repro- 
duce the overall shape of the continuum even if small scale features 
are poorly fit, simply because the latter only affect a small fraction 
of the Aj. Such behaviour is unwelcome, since the narrow spectral 
features are crucial to obtain an accurate redshift estimate, while the 
continuum curvature and slope changes only provide rough redshift 
indications. 

To overcome this limitation, we propose a new algorithm for 
finding the most probable redshift value, called "maximum com- 
bined pseudo-likelihood" (MCPL). 

The main features of MCPL are: a) it searches for local - 
instead of absolute- maxima in J^Hz); b) it combines information 
on the local maxima found by all templates to produce a pseudo- 
likelihood distribution as a function of redshift. 

The rationale behind this approach is that the broadband SED 
of the source determines the general shape of J? T (z), while narrow 
spectral features cause high frequency variations in J£ T (z) as they 
correlate (or not) with features in the template. A good correla- 
tion of several features at a certain redshift produces a sharp peak 
in J&r(z) that signals a candidate redshift solution. The spurious 
alignment of a few features or noise spikes in the spectrum and the 



template can also produce a peak in Jz?r(z) at a wrong redshift. This 
peak can even be higher than the Jf T (z) value at the actual redshift 
if the template is a poor model for the spectrum. However, such 
chance alignments tend to appear at different redshift for each tem- 
plate, while the legitimate peak always occurs at the same (actual) 
redshift. Because of this, combining information on the position 
and strength of local maxima produced by all the templates has the 
potential to yield a more robust redshift estimate compared to con- 
sidering only the best fitting template. 

This idea is implemented by a "filter" function that zeroes all 
values of Jz?r(z) except those corresponding to local maxima: 



J^t(z) if local maximum 







otherwise 



(3) 



The combined, filtered likelihood distribution is then the sum 
over all the templates: 



jsr( Z ) = ^jsf J , (z) 



(4) 



The filtering implies that each template promotes only those 
redshift values at which it finds a (partial) correspondence of fea- 
tures with the spectrum. 

The information provided by the continuum is not lost, 
though, since the height of the local peaks in f£ T (i) still indicates 
the goodness of fit between spectrum and template at those partic- 
ular redshifts. 

Since the template set cannot reproduce all the possible com- 
binations of spectral features (that is, it is not complete), even the 
best fitting template at the correct redshift is not in general an 
accurate model for the intrinsic spectrum of the source. In other 
words, the differences between spectrum and template cannot be 
accounted for by flux uncertainties alone. Therefore, the reduced 
X 2 increases with increasing SNR, and produces ^ 2 » 1 even for 
fits that a visual inspector would consider very good. 

The exponential dependency of Jz? with x 2 implies that the 
peak with lowest x 2 usually dominates the resulting combined 
Jzf*(z), making the contribution from other peaks negligible and 
turning the MCPL algorithm into simple ML. 

To overcome this undesired effect, the likelihood function «£? 
can be substituted with a "pseudo-likelihood" q that is proportional 
to the inverse of the reduced chi-squared statistics: 



qr(z) = — 



(5) 



where the prior a(z, T, 6) captures all the information about the 
source to be weighted in the selection of the best redshift estimate, 
such as the observed flux density in a given band, or the a priori 
probability of any (z, T) combination. 

Using qr(z) l/;fj-(z) instead of J/friz) °c still favours 

the lowest value of x 2 , but lets other local peaks have some influ- 
ence on the final solution. 

The "combined pseudo-likelihood" function Q(z) is then de- 
fined as: 



Q(z) = Y J Vi(z) 



(6) 



where q*(z) is the filtered q T (z) for template in which all values 
other than local maxima have been zeroed. 
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Variations among templates in the profile of a resolved spec- 
tral feature like the 7.7 urn PAH complex or the ~10 |xm silicate 
feature cause that different templates produce peaks at slightly dif- 
ferent redshifts. This results in tight clusters of nearby peaks in the 
combined Q(z). If the redshift difference between the peaks in a 
cluster is comparable to the theoretical redshift resolution the spec- 
trum is capable of, it can be assumed that all these peaks represent 
the same redshift solution, although with some dispersion. 

To compensate for this, Q(z) is convolved with a gaussian ker- 
nel (whose full width at half maximum is twice the redshift reso- 
lution) to produce a smoothed <2 s (z). The final solution is then the 
redshift Zbest that maximizes Q s (z)- 

In regular SED-fitting ML photometric redshifts, error bars 
for t he redshift estimate can be comp uted using the Ay 2 method 
(e.g. lA^fl^lBolzonella et al. 2000). This method assumes the 
probability distribution for the mini mum of x 2 (z) (yjL ; „) is the x~ 
distribution for n degrees of freedom dPress et al.1 -1992). Neverthe- 
less, even for broadband photometric redshifts the x 2 distribution 
is not a realistic description of the actual redshift uncertainties, be- 
cause the model is not linear in the fitting parameters (namely, the 
redshift) an d there are degene racies between redshift and galaxy 
SED types dOvaizu et ai]|2008l) . 

Like^?. , the peak value of Q s {z) depends mainly on the SNR 
of the spectrum, and does not provide a direct estimation of the re- 
liability of the redshift solution. Still, our results with MIR spectra 
indicate that the value of <2.,(Zbest), if normalised to the integral over 
the entire range of redshifts: 

r*zmax 

y = Qs(z bss d/i, i= QAz'W (7) 

Jyflin 

provides valuable information regarding the strength of the 
redshift solution. A value of y close to 1 indicates that the peak 
at Zbest clearly dominates the Q s {z) distribution, and thus the red- 
shift estimate should be reliable. Conversely, a very low y indicates 
that there are many secondary peaks with similar strength, and the 
redshift estimate is unreliable. 

Another related parameter, useful to estimate the degree of de- 
generacy, is the ratio R between the Q s (z) values for the highest and 
second-highest peaks. A ratio close to 1 : 1 indicates peaks of com- 
parable strength and reveals a significant probability of catastrophic 
redshift error. 



3 SAMPLE SELECTION 

The spectra used here were selected from the SpitzerflRS ATLAS 
project (ATLAS-IRS, Hernan-Caballero & Hatziminaoglou 2011), 
which compiles MIR spectra and ancillary data from 739 extra- 
galactic sources at < z < 3.7. 

The parent sample is composed of all the ATLAS-IRS 
sources with a known spectroscopic redshift from optical or near- 
infrared spectroscopy (z spe c). To ensure enough spectral coverage, 
20 sources observed in only one of the four IRS modules were dis- 
carded. 1 1 additional sources where selected as templates (see ^4) 
and removed from the sample to avoid circularity issues. 

The information content in each spectrum was computed us- 
ing the net significanc e (^V), defined a s the maximum cumulative 
SNR of the spectrum JPirzkal et alj2004) . The 3 sources with low- 
est net significance values (._/K < 100, corresponding to median 
SNR per pixel < 0.8) were also removed from the sample. 
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Figure 1. Redshift distribution for the 491 sources in the main sample. 

The remaining 491 sources constitute the main sample of this 
work. Their redshift distribution is shown in FigureQ] 

About half of the sample is at redshift z spec < 0.15, while only 
~20% is at z spcc > 1. This distribution is similar to that of the en- 
tire set of extragalactic sources with SpitzerflRS spectr oscopy and 
known spectroscopic redshifts dLebouteiller et alj201 ll) . 

321 sources (65% of the sample) are classified as AGN in the 
optical, including 124 optical quasars (QSO), 46 obscured quasars 
(QS02), 12 type 1 Seyferts (Syl), 73 intermediate type Seyferts 
(SyLX), 60 type 2 Seyferts (Sy2), and 56 LINERs. 

In the MIR, 285 sources (58% of the sample) are classified 
as AGN-dominated, while 181 are starburst-dominated and 10 are 
classified as composites with roughly equal contributions from 
the AGN and starburst to the infrared outp ut of the galaxy. See 
iHernan-Caballero & Hatziminaoglou] d201 ll) for further details on 
the optical and MIR classifications. 



4 TEMPLATES 

To obtain reliable redshift estimates, it is essential that the tem- 
plates cover as much as possible the restframe spectrum of the 
source at any redshift, since insufficient overlap between spectrum 
and template increases the probability of obtaining a good fit at a 
wrong redshift due to chance alignments of spectral features. 

For spectra observed in the four IRS channels (5-35 ^m), a 
redshift search range < z < 4 implies that the templates should 
ideally span the entire 1-35 urn restframe range. In practice, shorter 
wavelength coverage suffices, as long as the template and spectrum 
share enough overlap in the entire redshift search range. 

A large number of spectral templates were generated based 
on IRS spectra from ATLAS-I RS and from the Corn ell Atlas of 
Spitzer/IRS Spectra (CASSIS; lLebouteiller et alj|201 ll) using sev- 
eral methods: 

a) for a sample of local luminous and ultra-luminous infrar ed 
galaxies, their AKARI 2.5-5 urn spectrum dlmanishi et al ■l2010h is 
used to extend their IRS spectrum down to restframe ~ 2 |xm. b) 
composite spectra of several samples of z > 1 quasars (selected by 
their restframe 3.6 to 5.6 um continuum slope and/or strength of the 
silicate feature) are used to extend the IRS spectrum of individual, 
lower redshift quasars with good SNR. c) individual and composite 
spectra of z > 0.5 radiogalaxies are used to extend individual spec- 
tra of low redshift radigalaxies. d) another template is produced 
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Figure 2. The 22 spectral templates used by the SED-fitting routine, ordered 
by increasingly red continuum. Numbers correspond to row indices in table 
[2] Alternative red and black colours are used for clarity only. 

from the composite spectra of radiogalaxies with strong emission 
in the [SIV] 10.5 1 urn line, e) An early-type non-active galaxy tem- 
plate is obtained by extending the IRS spectrum of NGC 501 1 with 
the elliptical galaxy template from lColeman et all dl980h . 

In addition, archival /50/SWS 2-45 urn spectra of NGC 1068, 
M82, and the Circinus galaxy are also included as templates. 

A selection procedure was devised to identify the best per- 
forming templates. First, the filtered pseudo-likelihood function, 
1ij(z), is calculated for every pair {i,j} of template and spectrum. 
Then, subsets of templates are given a score based on the number 
of accurate (Az/(1 + z) < 0.01) redshift solutions obtained with that 
particular subset. A penalisation factor depending on the number of 
templates is also included to discourage large template sets. 

An iterative process finds the subset that maximizes the score 
by randomly adding or removing one or several templates to the 
subset, keeping only those changes that increase the score until no 
further increases are possible. This process is run several times to 
ensure it always converges to the same template set. 



Note that since the MCPL redshift solution for any source de- 
pends on the whole template set (and not just the template obtaining 
the best fit) the optimisation would discard a template that produces 
good fits for a few unusual sources if it degrades the solution for 
many others. Nevertheless, it is unlikely that a chance alignment of 
some features in a template that does not match the overall SED of 
a source can produce a peak in qij(z) strong enough to overshadow 
the combined peaks produced by the remaining templates at the 
actual redshift. 

The final set, containing 22 templates, is shown in Figure [2] 
and listed in Table[2] The templates derived from spectra of sources 
in the sample produce, as expected, very good fits for these partic- 
ular sources. To avoid misrepresenting the actual accuracy of the 
method, these sources are removed from the sample. 



5 RESULTS 

zCOLORS was run on the sample of 491 spectra selected from 
ATLAS-IRS with the template set described in the previous sec- 
tion. 

The spectra and templates are resampled to a constant spec- 
tral resolution R = 500, which provides a redshift resolution ■M- 
= 0.002. In test runs, higher resolution values increase the com- 
putational cost with no significant gain in accuracy of the redshift 
solutions. The search range for redshifts is -0.05 < z < 4, with the 
extension to small negative values being important to properly iden- 
tify the peak of qr(z) in nearby galaxies (z ~ 0). 

All templates are assumed to have the same a priori probabil- 
ity. The only prior introduced is a luminosity limit, aimed at pre- 
venting bright sources from obtaining high redshift estimates that 
would imply unrealistically high luminosities. The luminosity limit 
is conservatively put at vL,, = 5xl0 47 erg s _1 , which is just above 
the most luminous source in the sample. For every source, the red- 
shift (z cut ) corresponding to this luminosity is found, and the prior 
a(z) is then defined by: 

a(z) = \ (8) 

^0 if Z > Zcut 

The luminosity limit achieves a ~30% reduction in the number 
of catastrophic errors (Az/(l+z) > 0. 1) relative to a fiat prior. This 
suggests a more elaborate prior including luminosity limits that 
depend on the SED and observed flux of the source could probably 
help to further reduce degeneracies. 

TableQ~]contains the redshift solutions obtained by the ML and 
MCPL algorithms for all the sources in the sample. 

5.1 Accuracy of redshift solutions 

The accuracy of the z 1RS estimates is evaluated by comparing them 
to the redshifts from optical or NIR spectroscopy (z spec ). The error 
in the zirs value is represented by d = (zms - z sp ec)/(l + Zspec) and 
its modulus, S = \d\, defines the accuracy of the redshift solution. 

Figure [3] shows the correlation between z IRS and z spcc values 
for both, the ML and MCPL selection algorithms. 86% of MCPL 
solutions and 78% of ML are enclosed within the parallel lines that 
represent accuracy 6 < 0.02, but typical accuracies are much higher. 

The number of outliers (6 > 0.02) is 69 for MCPL and 106 
for ML. Excluding them, errors for MCPL (ML) solutions average 
2.0xl0~ 5 (-4.5xl0~ 5 ) with a standard deviation of 0.0033 (0.0046). 
This indicates there is no significant bias in the redshift estimates 
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Figure 3. Comparison between the redshifts derived from template fitting 
(zirs) and those from optical spectroscopy (z spcc ). Plus signs mark solu- 
tions from the ML algorithm, while open circles mark those of the MCPL 
selection algorithm. The dotted lines enclose those sources with redshift 
accuracy S < 0.02. 
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Figure 4. Distribution of redshift errors (d = (zirs - Zspec)/(1 + Zspcc)) ob- 
tained using the ML (solid line) and MCPL (solid bars) selection algo- 
rithms. 



and the typical errors are just a fraction of the spectral resolution 
of IRS (6A/A ~ 0.008-0.016, depending on wavelength). The distri- 
bution of redshift errors is approximately gaussian, with full width 
at half maximum 0.0047 for MCPL and 0.0056 for ML (see Figure 
0. 

The cumulative distribution of 6 for MCPL and ML solutions 
is presented in Figure [5] Both distributions show similar trends, 
with a rapid growth in the number of sources up to 6 ~ 0.005 and 
much slower growth at higher values. The curve for MCPL is con- 
sistently over ML in the entire 6 range, but the separation is larger 
at S ~ 0.005. The number of sources in the range 0.02 < 6 < 0.1 is 
52 for ML versus 29 for MCPL, indicating a higher prevalence of 
low accuracy solutions in ML. Catastrophic redshift errors (6 > 0.1) 
are obtained in 40 and 54 sources for MCPL and ML, respectively. 

Comparison of ML and MCPL solutions for individual 
sources reveals that in 2/3 of the sample (318 sources) 6 values 
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Figure 5. Cumulative distribution of the accuracy parameter 6 = \zms ~ 
Zspcc l/(l+Zspcc) The thin solid line represents results for the ML selection 
algorithm while the thick solid line corresponds to those of the MCPL al- 
gorithm. 
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Figure 6. Logarithm of the ratio between accuracies of the MCPL and ML 
redshift solution versus degeneracy parameter (R) of the MCPL solution for 
sources at z spcc < 0.5 (plus signs), 0.5 < z spcc < 1 (solid triangles), and z spcc 
> 1 (open circles). Negative values indicate a higher accuracy for the MCPL 
solution compared to ML. The dotted lines enclose the region correspond- 
ing to MCPL and ML solutions within 10% of each other, which contains 
65% of the sources in the sample. 



from both algorithms are within 10% of each other. In another 132 
sources the MCPL solution is clearly more accurate (sometimes by 
several orders of magnitude), while only in 37 cases is the ML sig- 
nificantly better. 

The accuracy advantage of MCPL over ML is clearer at low 
redshift: at z < 0.5 MCPL outperforms ML in 96 cases versus 16 
for ML, while at z > 1 they are levelled, with each of them wining 
in 19 cases. This is probably a consequence of the decrease in the 
average SNR with redshift. A lower SNR reduces the contrast of 
the legitimate peak in Q s (z) and makes it easier for spurious peaks 
to obtain comparable strength, increasing the risk of degeneracies. 
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Figure 7. Top: relation between reliability (y) and accuracy (<5) parameters 
for MCPL solutions. Bottom: logarithm of the reduced^- 2 statistic versus <$ 
for ML solutions. 



Figure [6] represents the ratio between 6 values of the MCPL 
and ML solutions versus the "degeneracy parameter" (R), defined 
as the ratio between the highest and second highest peaks in Q s (z)- 
Most sources with ML solutions significantly more accurate than 
MCPL have log(R) < 0.15, indicating an extreme degree of degen- 
eracy in Qs{z)- In these sources, the two highest peaks in Q s (z) have 
very similar strength, and it is thus no surprise that MCPL chooses 
sometimes the wrong one. Nevertheless, even with a very degener- 
ate Q s (z) MCPL offers higher reliability than ML: from 138 sources 
with log(R) < 0. 15, the MCPL solution is accurate (S < 0.02) while 
ML is an outlier (<5 > 0.02) in 26 cases, versus only 7 the other way 
around. In another 63 cases both are accurate and in the remaining 
40 both are outliers. 



5.2 Reliability of individual solutions 

Apart from obtaining a high rate of accurate solutions, it is impor- 
tant to know the reliability of individual solutions. In ^2]we antic- 
ipated that the y parameter can provide such information for the 
MCPL algorithm. 

The upper panel in Figure [7] represents y versus S for the 
MCPL solutions of the 491 sources in the sample. Accurate so- 
lutions obtain y values spanning the whole ~0.05-l range, while 
outliers concentrate at y < 0.15, with few cases above that value. 

Table [3] demonstrates that the reliability of MCPL solutions 
increases monotonically with y, both in terms of the dispersion and 
median of 6 values and in the frequency of outliers. This implies 
that by setting an appropriate threshold value for y and selecting 
only the sources that surpass it, it is possible to obtain subsamples 
of sources with very reliable redshift estimates, albeit at a cost in 
completeness. 
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Figure 8. Selection efficiency versus completeness as a function of the 
threshold value used for the reliability parameter y for redshift solutions 
with accuracy 6 < 0.005 (solid line), 6 < 0.01 (doted line), 6 < 0.02 (dashed 
line) and 6 < 0.05 (dot-dashed line). 



In contrast, x 1 values for ML solutions (lower panel in Fig- 
ure |7J do not show an increase with 6. On the contrary, the higher 
X 1 values occur preferably in sources with accurate redshifts, be- 
cause these are usually the ones with higher SNR spectra. In other 
words: the^ 2 statistic correlates with the SNR of the spectrum, be- 
cause at high SNR differences in the profile and strength of spectral 
features between spectrum and template are evident, while a very 
noisy spectrum blurs its features to the point that some of the tem- 
plates can be considered an accurate model even at the wrong red- 
shift. Therefore, the value of the absolute minimum in^ 2 (z) cannot 
be used to identify the reliable ML solutions. 

Since the MCPL algorithm offers higher redshift accuracy 
with a lower number of outliers, and also provides an indication 
on the reliability of the redshift solution, it can be considered supe- 
rior to ML for this purpose. In the remaining sections, only results 
from MCPL will be discussed. 



5.3 Selection efficiency and completeness 

Let N g {D) be the number of sources with accuracy 5 < D, N S {G) 
the number of sources with y > G, and N sg (D,G) the number of 
sources with 6 < D and y > G. The selection efficiency (e) and the 
completeness (k) are then defined by: 



e(G,D) 



N sg {D,G) 
N S (G) ' 



k(G,D) ■■ 



N sg (D,G) 
N g (D) 



(9) 



As usual, there is a trade-off between completeness and selec- 
tion efficiency, with either of them increasing only at the expense 
of the other. The relationship between e and k for a grid of values 
of D and G is shown in Figure[8] 

For D values in the range 0.005-0.05, the completeness has a 
very small (but consistent) dependency on D that reflects the reduc- 
tion in the average y for higher values of 6. The dependency with 
G is much stronger due to the large number of sources with low y 
values. 

Efficiencies for D = 0.01, 0.02 and 0.05 converge rapidly to 
6=1 with increasing y, because there are almost no sources with 
high y values and (5 > 0.01. Nevertheless, for D = 0.005 there is 
slower growth, since some sources with very high y values have 
accuracies 0.005 < 6 < 0.01. 
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5.4 Dependency with the MIR SED 

Differences in the MIR SED of starburst-dominated versus AGN- 
dominated sources cause important variations in the average accu- 
racy of the redshift solutions depending on the MIR SED type. 

Normal and starburst galaxies usually have very prominent 
PAH bands that are easily identified even in low SNR spectra, and 
almost always obtain very accurate redshifts. On the other hand, 
sources dominated by AGN emission usually show a flat contin- 
uum with no high contrast features, and the redshift determination 
relies on broad and shallow silicate features (in emission or ab- 
sorption) and/or unresolved emission lines, making it much harder 
to distinguish the peak in Q s (z) corresponding to the actual redshift 
of the source. 

In lHernan-Caballero & Hatziminaogloul d20 1 lh the ratio r P D R 
of total PAH luminosity to the integrated restframe 5-15 urn 
luminosity is used to classify the ATLAS-IRS spectra into 
starburst-dominated (MIR.SB, r PDR > 0.15) and AGN-dominated 
(MIR.AGN, r PDR < 0.15). This is roughly equivalent to imposing a 
threshold EW ~0.2 urn in the equivalent width of the 6.2 urn or 1 1 .3 
|xm PAH bands, which corresponds to roughly equal contributions 
from the starburst and AGN to the infrared luminosity of the galaxy 
dHernan-Caballero et alj2009l) . MIR_AGN sources are further sep- 
arated into silicate emission (MIR.AGN1) and silicate absorption 
(MIR.AGN2) sources. Table[4]summarizes the accuracy and relia- 
bility statistics for these populations. 

Sources dominated by star formation in their MIR spectra 
(MIR.SB) almost always obtain accurate redshifts. Among the 
182 MIR_SB galaxies in the sample, MCPL solutions include 
only 2 outliers (d > 0.02), namely Murphyl9 and NGC 4579. 
The optical redshift of the submillimeter galaxy Murphy 19 (SDSS 
J123716.59+621643 9) is z spec = 0.557 jwirth et alJ [2004h . but 
lMurphvetal.1 feo09) give z = 1.82 based on the IRS spectrum. Al- 
though our solutions are consistent with the later (zmcpl = 1.806; 
Zml = 1 -795), the second highest peak in Q s (z) is at z = 0.5495, indi- 
cating the optical redshift is confirmed with >98% confidence (see 
ffOl NGC 4579 (M 58) is a local spiral galaxy. The IRS spectrum 
contains emission from the LINER nucleus and its surroundings, 
and shows very intense H 2 lines combined with an unusual PAH 
spectrum (bright 1 1.3 urn PAH emission but very weak 6.2 and 7.7 
urn bands). The lack of templates with significant H 2 emission is 
probably the cause of the wrong redshift solution for this source. 
In spite of that, the second highest peak in Q s (z) coincides with the 
optical redshift. 

Sources classified as MIR_AGN have redshifts that are much 
less reliable compared to those for MIR_SB. The overall out- 
lier rate is 22%, but there are strong variations in reliability 
among MIR.AGN subclasses: the fraction of outliers is 28% for 
MIR_AGN1 versus 8% for MIR_AGN2, and up to 40% for the 
MIR_AGN with no clear silicate emission or absorption. Nev- 
ertheless, if the outliers are removed, the accuracies for the re- 
maining sources show very similar distributions in the MIR_SB, 
MIR_AGN1 and MIR.AGN2 subsamples (FigureHJl. 

Further insight into the importance of the PAH bands for the 
accuracy (or lack thereof) of the redshift solution can be obtained 
from FigureQJJ] which shows the strength of the PAH features, rep- 
resented by r PDR , versus 6. 

The subsample with r PDR > 0.06 includes by definition all the 
MIR_SB sources (r PDR > 0.15), the MIR composites (r PDR ~ 0.15), 
as well as some MIR.AGN with significant PAH emission. It com- 
prises half of the total sample (242 sources) and has a 2% rate of 
outliers and a median accuracy S = 9.6xl0~ 4 . 
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Figure 9. Normalized, cumulative distribution of <S values for MIR.SB 
(shaded area), MIR.AGN1 (thick solid line) and MIR.AGN2 (thin solid 
line) sources excluding outliers with <$ 0.02. 
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redshift accuracy (5) 

Figure 10. Ratio of total PAH luminosity to integrated 5-15 um luminos- 
ity (i>dr) versus redshift accuracy of the MCPL solution for sources clas- 
sified as MIR_SB (solid circles), MIR_AGN (triangles), composite sources 
(squares), and sources with no MIR classification (open circles). The dashed 
line marks r PPJR = 0.06. 



This demonstrates that detectable PAH emission is sufficient 
to obtain very accurate and reliable redshift estimates, even in high 
redshift sources with poor SNR spectra. But PAHs are not the only 
feature capable of providing an accurate estimate, since there are 
many accurate redshifts down to r PDR ~ 0. 

Figure QT| shows the 9.7 urn apparent optical depth 
(a measurement of the strength of the silicate feature, see 
iHernan-Caballero & Hatziminaogloul d20 1 lh for a discussion) ver- 
sus 6 for the sources with weak or undetected PAH bands (r PP j R < 
0.06). In this subsample, sources with silicate absorption (Tgj > 0) 
are much more likely to obtain accurate redshifts than those with 
silicate emission (90% versus 70%, respectively, with 6 < 0.02), 
in spite of both populations having similar distributions of r P rj R . 
This suggests that the silicate feature plays an important role in the 
redshift determination of sources with weak or no PAH emission. 
The diversity of shapes and lower contrast that the silicate feature 
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Figure 11. Optical depth at 9.7 [an (T9.7) versus redshift accuracy. Solid 
symbols represent sources classified as MIR.AGN with very weak or ab- 
sent PAH bands (rpoR < 0.06) while open symbols represent the rest of the 
sample. Negative (positive) T9 7 values indicate silicate emission (absorp- 
tion). 
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Figure 12. Frequency of highly accurate solutions (<$ < 0.005, blue dia- 
monds) and outliers (<S > 0.02, red triangles) as a function of y for the 
sources classified as MIR.AGN (left panel) and MIR.SB (right panel). Each 
point represents a bin of 7 containing 45 sources (except for the rightmost 
which contains the remainder). Horizontal bars represent the y range cov- 
ered by each bin, while vertical error bars represent the 90% confidence 
intervals calculated using the Wilson score formula for binomial distribu- 
tions. 



presents when it appears in emission might be at least in part re- 
sponsible for the decreased efficiency in these sources. 

Albeit the rate of outliers is much higher in MIR_AGN com- 
pared to MIR.SB sources, the reliability of redshift estimates 
within a given y interval is largely independent on the MIR clas- 
sification. Figure[T2]shows the frequencies of highly accurate solu- 
tions (8 < 0.005) and outliers (8 > 0.02) as a function of 7 for the 
MIR_AGN and MIR_SB populations separately. They are found to 
agree within their 90% confidence limits. 

These confidence intervals can be used to put a lower limit on 
the probability of the redshift solution for a given source having 
accuracy better than some predefined value, or an upper limit on 
the probability of being an outlier. A more detailed model of such 
probabilities based on a much larger sample of MIR spectra from 
the CASSIS database is under development, and will be presented 
elsewhere (Hernan-Caballero et al., in preparation). 



5.5 Redshift degeneracies 

There are 69 outliers (S > 0.02) in the sample, 40 of them with 
catastrophic errors (d > 0.1) in their redshift estimates. 

Typical values of 7 for the outliers are low, with 60% of them 
below 0.15 (compared to just 20% in the whole sample). They show 
multiple secondary peaks in the Q s {z) distribution, with highest to 
second-highest ratios (R) in the range 1 < R < 3, and in 90% of 
cases verifying R < 2 (compared to only 36% in the sources with 6 
< 0.02). This suggests that most of these sources have degeneracy 
issues, and somehow spurious solutions obtain a Q s (z) value higher 
than the peak for the actual redshift of the source. 

Another possibility that deserves consideration is a wrong or 
inaccurate optical redshift. One way to rule out an error in the opti- 
cal redshift is to search for a secondary peak in Q s (z) that matches 
the z sp(:c value. If a significant peak is found very close to it, the op- 
tical redshift can be confirmed with high probability. On the other 
hand, the lack of a nearby secondary peak does not imply that z spcc 
is wrong, since spectra with very exotic MIR SEDs, strong artefacts 



or very low signal to noise ratios could produce a very weak peak 
at the actual redshift that passes unnoticed. 

To find out whether there are secondary solutions backing up 
the z spcc value for the 69 outliers, a routine finds all the peaks in the 
Qs(z) distribution that verify 7 > 0.01, and sorts them by their 7 
value. 48 outliers show at least one such secondary peak within 5 < 
0.02 of the z spec value. They are all listed in Table[5] 

Since the redshift search range is very wide compared to the 
typical 6 of these solutions, the probability of them occurring that 
close to z spec fortuitously is low. If spurious peaks in Q s {z) are as- 
sumed to be randomly distributed in the redshift search range, the 
probability for a spurious solution obtaining accuracy 8 or better is: 



ln(l +Zmax) 

where z mnl - is the upper limit of the redshift search range for that 
particular source. 

For a Q s (z) distribution with several spurious peaks, the prob- 
ability that at least one of the n highest peaks is within 8 of z spcc just 
by chance is then: 

P r (n) = 1 - (1 - Pf (11) 

Probabilities P, for the secondary solutions of these 48 out- 
liers are listed in the last column of Table [5] 34 of them have P, < 
5%, thus confirming the z spcc value with confidence > 95%, while 
the other 14 have 0.05 < P r < 0.25, and some of them could be just 
random alignments. 

5.6 Nature of outliers 

Individualised inspection of outliers reveals a large number of ra- 
diogalaxies and radio-loud quasars among them. The remainder are 
high redshift sources (mostly quasars) with poor SNR spectra. 

Among the 21 outliers with no significant (7 > 0.01) sec- 
ondary solutions within 8 < 0.02 of z spec there are 4 local radio- 
galaxies (3C 83.1, 3C 465, 3C 371, and 3C 390.3) and two inter- 
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mediate redshift radio-loud quasars (PG 2251 + 113 and 3C 295). 
The spectra of these 6 sources have high SNR, but are very differ- 
ent from each other. 3C 390.3 and PG 2251 + 113 show continuum 
emission peaking at ~ 20 um, a wide silicate emission feature and 
strong emission in the lines [Nell] 12.81 um, [Nelll] 15.55 urn, and 
[OIV] 25.91 um. 3C 83.1 and 3C 465 have a very weak MIR con- 
tinuum dominated at A < 10 urn by the Ray leigh- Jeans tail of stellar 
emission, and also show clear neon lines. 3C 371 is a flat spectrum 
radio source dominated by synchrotron emission in the MIR with 
no significant features. Finally, 3C 295 has a steep continuum lack- 
ing significant features and seems to have stitching issues in the 
LL2 module. 

The redshift misidentification in all but the last two sources 
seems not to arise from a lack of spectral features capable of pro- 
viding an accurate redshift estimate, but rather, from an inadequate 
representation of these features in the set of templates used. 

Another object, SWIRE J104354.82+585902 4, has conflict- 
ing o ptical redshift estimate s: iTrouille et al.l d2008l) give z = 0.35, 
while Weedman et al. I d2006h give z = 1.14+0.2, much closer to the 
value 1.079 found here. 

The remaining 14 sources are high redshift (z spC c > 1) quasars 
and infrared galaxies with very low SNR spectra. 



6 CONCLUSIONS 

In this work we apply a new SED-fitting algorithm to the problem 
of measuring redshifts in MIR low resolution spectra. The algo- 
rithm is based on the same SED-fitting technique applied to broad- 
band photometric redshifts, but with some important modifications 
that largely increase its efficiency with MIR spectra. Namely: a 
wavelength dependent scaling factor for the template, which adds 
flexibility to the fit, and a novel algorithm for filtering and combin- 
ing prospective redshift solutions, dubbed "Maximum Combined 
Pseudo-likelihood" (MCPL). 

The efficiency of MCPL is compared to regular Maximum 
likelihood (ML) using a sample of 491 Spitzer/IRS spectra for 
sources with accurate optical or NIR spectroscopic redshifts. The 
spectral templates used are obtained from Spitzer/IRS, AKARI/1RC 
and ISO/SWS spectroscopy of low redshift galaxies, as well as 
composite templates of Spitzer/IRS spectra of higher redshift 
sources. 

MCPL offers superior performance compared to ML both in 
terms of the number of highly accurate (A(z)/(l+z) < 0.005) red- 
shift solutions (78% versus 68% of the sample) and in the number 
of outliers (A(z)/(l+z) > 0.02; MCPL: 14%, ML: 22%). Exclud- 
ing outliers, the dispersion in the redshift errors is also lower for 
MCPL: a = 0.0033 (versus 0.0045 for ML). 

The reduced^ 2 statistic that determines the goodness of fit, of- 
ten used to evaluate the reliability of the redshift solution, is found 
to correlate strongly with the SNR of the spectrum. High SNR spec- 
tra obtain higher^ 2 values, indicating the differences between spec- 
trum and template are more evident in them compared to low SNR 
spectra. Nevertheless, the accuracy of the ML redshift solution does 
not correlate with^ 2 , and thus cannot be directly used to estimate 
the confidence level of the redshift solution. On the other hand, the 
normalised combined pseudo-likelihood (7) offers a good indica- 
tion on the reliability of the MCPL solution for individual spectra, 
with the median accuracy and rate of outliers both monotonically 
decreasing with increasing 7. 

The fraction of accurate redshift solutions is much higher 
among sources classified as starbursts by their MIR emission com- 



pared to those classified as AGN (2% versus 21% rate of outliers), 
thanks to the high contrast of the PAH emission bands, which are 
easily identified even in very low SNR spectra. The rate of out- 
liers is also larger in AGN with the 10 (xm silicate feature in emis- 
sion compared to those in absorption. Nevertheless, for any given 
7 range the accuracy of MCPL redshifts is largely independent of 
the MIR SED type. 

Finally, we find that most outliers are radiogalaxies, radio- 
loud quasars, or high redshift sources (mostly quasars) with very 
poor SNR. About 2/3 of outliers show secondary MCPL solu- 
tions at the optical redshift. This indicates that degeneracy issues 
favoured spurious solutions in the selection process. This could be 
mitigated with templates that reproduce with greater fidelity the 
properties of these sources, in particular, radiogalaxies. 
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Table 1 (cont'd) 



source ID 


RA (J2000.0) 
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Table 1 (cont'd) 



source ID 


RA (J2000.0) 


Dec (J2000.0) 


£spec 
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JUjiJ J UO 1 JU / .4ZT4JVI4Z I . 1 


08-1 S -07 47 

VIO . 1 J .VI / .tz 


+41-04-77 7 

i J . VlT.Z. / .z. 


0.5097 


0.5097 


0.4828 


0.1 1 


1.49 


3.45 


1.40 


MTR Aril\T9 


SDSS T087119 614-77511Q 8 


08-71-1 7 60 


4-97-S1 -40 

TZ, / . J 1 .4VI.VI 


0.1680 


0.1641 


0.1641 


0.46 


11.47 


4.04 


1.52 


MTR SR 

.V I 1 1\ _ J 1 ) 


wr.r 9^99 


08-18-10 Q0 
UO. Jo. i\).y\) 


4-74-S1-41 

TZ4. J J.4J.VI 


07 QO 


0984 
U.UZ04 


0784 
VI.VIZ04 


S7 
U.J / 


6 06 
u.uu 


4 60 

+.UU 


1 71 
l . / 1 


MTR AfT\T9 
lVllrv_/\VJl N Z. 


MGf 7671 


08-18-74 08 

VIO. JO. Z 4. VIO 


4-7S-4S-16 Q 

TZJ.tJ. JU.7 


0.0185 


0.0161 


0.0161 


0.69 




5.49 


3.26 


MTR SR 


4C +29 31 


08-41-OQ Q0 
VIO. 4- J. VI V. y\) 


4-9Q-44 04 Q 

TZ7.44.U4.7 


3980 


1 8457 


4361 


07 


1 05 


3 74 


21 


MTR AniVI 
IV 1 1 l\_rtv I . N 1 


isjnr 1 961Q 

. N v I v ZOJ7 


08-41-18 10 
U0.4J. JO. 1VI 


4-S0- 1 7-90 
+JVI. 1Z..ZW.VI 


01 10 


0100 


0100 


28 


1 Q8 

J.70 


3 41 


46 


MTR *sR 
.V I 1 1\ _o I J 


VTT 7w 744 
V 11 ZvW Z4-4 


08-44-4S 70 

VI . 44 . 4- J . Z \) 


4-76-S10Q 

T / U. J J.VIV.VI 


1310 


1320 


1320 


1 S 

yj. i j 


9 90 
z.zu 


4 88 


1 08 


MTR AfT\T1 
IV 1 1 l\_rtv I . N 1 


9MASSi T08451874- 149041 


08-4S-18 70 

VI0.4J . JO. / VI 


4-14-70-44 


0.1490 


0.1434 


0.1434 


0.16 


1 17 


3.82 


-0.00 


MTR Ani\T9 


snss Tossms 31+1807009 


08-50-1 8 10 

VIO ,JUi 1 O . JVI 


+ 18 07-01 

TlO. VIZ. . VI 1 . VI 


0.1454 


0.1343 


0.1343 


0.28 


1.97 


3.76 


1.67 


MTR SR 


TR AS 08577+191 5 


09-00-75 40 

\)y .\)\) .sLJ) .4VI 


+1Q-01-S4 

T^JV.VIJ. J4.VI 


OS 80 

VI.VIJ OVI 


0.0618 


0.0618 


0.38 


2.40 


5.58 


4.05 


MTR POMP 

1 VI 1 1\ _V V 7 1 VI 1 


TR AS 08597+5748 


OQ-07-47 50 

VIV.VIZ.4 / .JVI 


4-S9-16-10 

JZ. JU. JVI. VI 


0.1580 


0.1572 


0.1572 


0.39 


6.32 


4.47 


1.88 


MTR SR 


?M A SX T09061400+045 1771 


OQ-06-14 70 
\)y . viu . J4 . zvi 


4-04-S 1 -7S 

TVI4. J 1 .Z.J .VI 


0.1250 


0.1230 


0.1252 


0.40 


12.39 


3 77 


1.40 


MTR SR 

.VI 1 1\ _ J 1 ) 


cnec TOO 1 1 97 61 4-0SS0S4 


0Q-1 1 -77 61 
\}y . 1 J.Z/.U1 


4-0SS0-S4 1 
+VU . JVI. J4. 1 


7 7Q10 
L. 1 y JVI 


9 7877 
L. 1 / / 


01 1 8 
-U.UZl o 


1 1 
U. 1 1 


1 S7 
l . J / 


1 46 


10 

VI. JU 


MTR AON 
1V1 1 1\ _rtVJl> 


9MASSi T0Q 114544-405698 


0Q-1 1-4S 4Q 

VI 7. 1 J .T^ J .^7/ 


4-40-S6-78 9 

T4VI. Jll.ZO.Z 


0.4410 


0.4361 


0.4361 


23 


2.21 


4.44 


1.41 


MTR Ani\T9 


9MACY T0Q1 41 180-1-017900Q 


0Q-1 4-1 1 80 
\)y . 14. 1 J.OVI 


4-01-77-01 
+ UJ.X.Z..U 1 .u 


1460 


1456 


1456 


45 


6 11 


4 63 


2 20 


MTR SR 
.V I 1 1\ _o I J 


ny UI a r\ 


0Q-1 8-0S 70 
\}y . 1 0.VIJ . / VI 


19-0S-44 
- 1Z..UJ .44. VI 


0540 


o osss 

U.UJ J J 


o osss 

VI.VIJ J J 


23 


2 23 


3 75 


59 


MTR AfT\T9 
1V1 1 r\. _rt VJJl N Z. 


MRK 0704 

1V1IVIV VI 1 Ut^ 


0Q-1 8-76 00 
\jy . i O.Z.VI.VAI 


4-16-18-1Q 
tiu. io. ly .vi 


0290 


5619 


5619 


22 


1 16 


3 90 


93 


MTR AriNv 


cnec T0Q701 4 1 1 4-4S11 S7 7 
OLIoO J UVZW Jt.l 1 TtJJ 1 J / .Z 


0Q-70-14 1 1 
\)y .ZXj. 14. 1 1 


4-4S-11 -S7 1 
+4J . J 1 . J / . J 


4030 


404Q 
U.4VI4V 


404Q 
VI.4U4V 


13 


1 70 


3 43 


00 
-VI. VI VI 


MTR AriMif 


TTOr OS 101 

VJ v J V U J 1 VI 1 


0Q-1S-S1 60 
\)y . jj.j i .uvi 


4-61 -71-11 


0.0390 


0.0387 


0.0387 


0.67 


9.22 


4.53 


2.47 


MTR SR 


1 N v I v zw z 


0Q-4S-47 00 

VI5'.4J.4Z,.VIVI 


-14-1Q-1S 
- 14. i y . j j .vi 


0080 

U.UVIOVI 


0080 

U.UVIOVI 


0080 

VI.VIUOU 


0.50 


5.32 


4.06 


1.27 


MTR SR 


pr. 0Q464-101 
l^U UV4U+ jUJ 


0Q-4Q-41 10 
VIV.4V.41 . 1VJ 


,9Q.CC.1Q () 

+ Z7.JJ. 1 V.VI 


1 2160 


1 9908 
l.ZZUo 


1 9708 
1 .ZZAIO 


OQ 
u.uv 


1 1 Q 

l . l y 


4 1 1 


4S 
VI. 4 J 


MTR AfT\T9 

1V1 1 IN. N Z, 


Mrk 1919 

IVllJV 1ZJ7 


0Q-S7-1Q 10 

VIV.JZ,. 17.1U 


-01 -16-41 4 

-Ul . JU.4 J.4 


0.0290 


0.0263 


0.0243 


0.37 


3.61 


4.1 1 


0.64 


mtr Ariivi 

.VII I\_jVV 1 . *l 1 


9MAQY T0QS10071 4-81 77787 

Z.lVlrti_>yV J U7 -I J VI VIZ ITOIZ /zoz 


0Q-S1-00 SO 

VI V.J J .VIVI. JVI 


4-81 -97-78 

TOIZ / .Z.O.VI 


0.1560 


0.1525 


0.1525 


0.53 


13 70 


3.62 


75 


MTR SR 

.VI 1 1\ _ J 1 ) 


7MAS*\i T0QSS04S4-1 70SS6 


OQ-SS-04 SO 

VI V . J J . VIt . J VI 


4-17-0S-S6 

i 1 /.VIJ.JU.VI 


1390 


1343 


1230 


14 


1 12 


4 03 


56 


mtr Anivi 

lVllI\._rtvJl "1 1 


MFS^TFR 08 1 


0Q-SS-11 70 
vi y . j j . j j .z.vi 


4-6Q 01SS 

V. VI J. J J .VI 


0010 


0020 


0020 


37 


1.31 


4 46 


2 40 


MTR SR 

.VI 1 1\ > 1 ) 


TRAS 0QS1Q4-08S7 


0Q-S6-14 10 
vi y . j vi . ji . j vi 


4-08-41 06 

T UO.tJ. VIU . VI 


1290 


1320 


1320 


68 


33 59 


3 80 


68 


MTR SR 

.VI 1 1\ _ J 1 ) 


PH 0QS14-414 


0Q-S6-S7 40 
\jy ^ . j vi . j z. . t^vi 


4-41 -1 S-79 

i 1 . 1 J .Z.Z/.VI 


2340 


2386 


2386 


16 


1.84 


4.39 


1 05 


MTR Aril\T1 

lVllI\._rtvJl "1 1 


MGf 1081 

.Nv IV JVIO 1 


09-59-79 50 


-79-4Q-1S 

-Z.Z..4-V. J J .VI 


0080 

U.UVIOVI 


0060 


0060 

VI.VIVIUVI 


0.13 


1.12 


4.70 


2.35 


MTR Ani\T9 

lVllI\._rtvJl "IZ. 


3C 234 


1 0-01 -49 50 


4-98-47-OQ 

tZo.4 / .VIV.VI 


0.1850 


0.1853 


0.1829 


0.33 


1.84 


4.47 


1.63 


MTR Ani\T1 

IV 1 1 l\_i t VV I . N 1 


NdC 1079 

- N v IV JU / y 


1 0-01 -57 80 


4-SS-40-47 

tJJ .4VI.4 / .VI 


0.0040 


0060 

U.UVIUVI 


0080 

VI. VI VIO VI 


0.68 




4.56 


3.05 


MTR SR 

.VI 1 1\ _o 1J 


pn looi 4-0S4 


10-04-70 10 

1 VI.VIT.Z.V7. 1 VI 


4-0S- 11-00 

tVIJ . 1 J .UVI. VI 


0.1605 


0.1641 


0.1641 


0.12 


1.28 


4.08 


0.58 


MTR Ani\T9 

-VI 1 l\_; t VV J . N Z 


9MAS*\i T100S174+41460Q 


1 0-0S- 1 7 41 

1 VI. VI J . 1 / ,4J 


4-41-46-OQ 1 

1 J .T^VJ.VIV. J 


2 0970 


1.9618 


2.1956 


13 


1.05 


3.89 


0.74 


MTR AON 

1 VI 1 1\ _rt^J 1 > 


7MASY 110067611 4-777 S464 

Z.lVlrtk_>yV J 1 VIUUZU J 1 Ti / Z J^Vr-r 


1 0-06-96 10 


4-77-7S-46 

Ti / .Z 1 .T^U.VI 


1650 


1595 


1595 


37 


8 11 


3 68 


1 37 


MTR SR 


pn 10044-110 

L KJ IVIUt^T 1 JU 


10-07-76 10 

1 VI. VI / ,£i\), IV/ 


4-19-48-S6 
tiz.t^o.jua; 


2410 


1434 


1434 


15 


1 84 


4 10 


1.31 


MTR AniVI 

-VI 1 l\_;-VV I . N 1 


TR A ^ 1 00Q 1 4-4704 


10-17-16 70 
1U. 1Z.1U. I\} 


4-46-4Q-41 
T40.47 .4 J.VI 


2460 


2460 


9460 

VI.Z4UU 


48 


6 so 

U. JVI 


4 34 


1 47 


MTR SR 

.V I 1 1\ _0 1 J 


TR A ^ F1 01 Q0-4-1 177 


1 0-7 1 -47 SO 
1U.ZJ .tz. JVI 


4-1 106-S4 

T 1 J .VIU. J4.VI 


0770 


0768 


0746 

VI. VI / 4U 


48 
U. 40 


8 1 Q 
o. Ly 


4 35 


2 24 


MTR *sR 

.V I 1 1\ I J 


NCC 1797 
INvjC JZZ 1 


1U.Zj.jU.OU 


i 1 Q.CI .SLA H 

4-iy.ji.j4.u 


O 0040 
U.UU4U 


0040 
U.UU4U 


o no40 

U.UU4U 


O 70 
U. I\) 


1 4 48 
14.45 


4 41 
+.+J 


i.ji 


1V11K_i3D 


2MASSi J1027249+121920 


10:27:25.00 


+ 12:19:20.0 


0.2310 


0.2312 


0.4917 


0.17 


2.08 


4.55 


1.25 


MIR.AGN2 


NGC 3256 


10:27:51.27 


-43:54:13.8 


0.0084 


0.0100 


0.0100 


0.85 


66.77 


5.20 


3.21 


MIR.SB 


NGC 3281 


10:31:52.10 


-34:51:13.0 


0.0110 


0.0121 


0.0790 


0.28 


1.45 


5.40 


3.54 


MIR.AGN2 


NGC 3310 


10:38:45.96 


+53:30:12.0 


0.0047 


0.0040 


0.0060 


0.41 


2.34 


4.48 


2.26 


MIR.SB 


SDSS J103951.48+643004.2 


10:39:51.49 


+64:30:04.2 


0.4020 


1.0831 


1.0831 


0.10 


1.17 


4.16 


0.74 


MIR.AGN2 


2MASX J10402919+1053178 


10:40:29.20 


+ 10:53:18.0 


0.1360 


0.1388 


0.1388 


0.64 


10.92 


4.08 


1.15 


unknown 


SWIRE J104351. 87+584953. 7 


10:43:51.87 


+58:49:53.7 


0.6090 


0.6095 


0.6159 


0.06 


1.02 


2.60 


-0.35 


MIR.COMP 


SDSS J104354.85+585901.3 


10:43:54.82 


+58:59:02.4 


0.3500 


1.0790 


1.0055 


0.07 


1.15 


3.07 


-0.32 


unknown 


SWIRE J104406.30+583954. 1 


10:44:06.30 


+58:39:54.1 


2.4300 


3.8730 


3.8730 


0.07 


1.06 


2.57 


-0.75 


MIR.AGN 


SDSS J104407.97+584437.0 


10:44:07.97 


+58:44:37.0 


0.5550 


0.5526 


0.5839 


0.08 


1.12 


3.81 


0.42 


MIR.AGN2 


SWIRE J104409.95+585224.8 


10:44:09.95 


+58:52:24.8 


2.5400 


0.4247 


2.3527 


0.07 


1.13 


3.14 


-0.11 


MIR.AGN 


SWIRE J1046134+585941 


10:46:13.48 


+58:59:41.4 


3.6200 


1.8858 


3.3048 


0.11 


1.16 


3.00 


0.33 


MIR.AGN 
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Table 1 (cont'd) 



source ID 


RA (J2000.0) 


Dec (J2000.0) 


£spec 


Z MCPL 


ZML 


r 


R 


\og,yV 


1 2 
l0 S*ML 


MIRclass 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


NGC 1191 

- N v I V JJ7J 


1 0-48-93 40 


-9S-09-41 
-zj .\jy .'-t j .vi 


0.0130 


0.0121 


0.3073 


0.39 


2.43 


5.18 


3.47 


MTR AfiN9 

lVlll\._rtVJl> z 


TR AS 10485-1447 

llVTlkJ lUlOJ lit/ 


1 0-5 1 -03 in 

1U.J1 .U J . 1 U 


-1 S-01-99 

1 J .UJ .ZZ.VI 


0.1330 


1297 


1297 


37 


1.15 


4.82 


2.10 


MTR <sR 

1 VI 1 J 17 


9MASY T10514498+1519104 
ZlVl/\k5.A. J 1UJ 114ZOTjJJ"jU't 


1 0-5 1 -44 90 
lu.J 1 .tt.ZVI 


+ 15-10-11 

T JJ.J7.J 1 .VI 


1580 


1572 


1572 


27 


3 08 


4 22 


98 


MTR AP1N9 

1V1 1 K _rt VJ1 > Z 


TSO T T-JHS T10514R+57194R 

lOU.LnL'o J 1UJ 1+otJ / JitO 


1 0-5 1 -48 80 


-1-S7-19-48 
TJ / . JZ.tO.VI 


Q900 

U.77UU 


9855 


9855 


06 


1 1 


3 04 


-0 84 


MTR AniV 
1V1 1 r\. N 


T1 0599156+4408474 


1 0-59-91 SO 

1 Lf . J Z . Z J . J VI 


+44-08-48 
III . vio .to .VI 


0920 


0920 


0920 


78 


13 89 


4 94 


2.15 


MTR 
iviirv_>jij 


CMM T1 05918 1 Q+571 65 1 1 
OlVllvl J lUJZjo. 1 VtJ / 1UJ 1 . 1 


10-59-18 19 
lu.jz.jo. 1 y 


+ 57-16-51 1 

TJ / . 1 O. J 1 . 1 


1 8520 


1 8628 


1 8400 


19 


1 36 


9 1 Q 


-1 21 


unknown 


RDS 0147 

1\ 1 J j Ul t^Zj 


1 0-59-49 40 

1 II. JZ..T^Z..T^VI 


+S7-11-S8 4 

TJ / . J 1 . J O.t 


1.3800 


1.3534 


1.3534 


0.08 


1.50 


2.62 


-0.32 


MTR ACTM9 

1V1 1 IV _/\VJl > z 


9MASX T10595969+5798597 


1 0-59-59 80 

1U.JZ.JZ.OVI 


+ 57-99-00 
tj / .z.y .vivi. vi 


0.2050 


0.2044 


7068 


0.22 


2.75 


3.22 


-0.19 


MTR 

1V11I\._>j1j 


rFFH?nn?i 1 1 i 

|_1 I ITT.ZVIUZJ 11J 


1 0-51-05 60 

IU.JJ1UJ.UU 


+S7-98-1 1 1 

T^J / .Z.O. 1 1 .J 


0.7920 


3.6820 


3.6913 


0.12 


1.82 


2.65 


-0 77 


MTR AGN 


SDSS T105491 9n-f-^79S44 ? 


10-54-91 10 

H/.Jt.Zl .JVI 


+S7-9S-44 1 

TJ / .ZJ.44.J 


0.2050 


0.2044 


0.3743 


0.09 


1.38 


3.42 


-0.43 


MTR AHN1 

lVlll\._rtVJl> 1 


SDSS Til 09 1 ^ 99+180914 6 

JLIOO J 1 1UZJ J.77TJOUZJt.U 


1 1 -09-14 00 

1 1 .UZ. It.UU 


-ulS'09'lS 

T JO. VIZ. JJ.VI 


1 S80 

VI. 1 JoVI 


1 S7? 


1 S7? 


41 


Q 01 


4 61 


2 28 


MTR *nR 

-VI 1 IV_. ) 17 


-N v IV 3 J 1 1 


1 1 -01-91 80 


91-0S-1 9 

-Z.J.UJ. 1Z.U 


0040 

Vl.VIVItVI 


orun 


0040 


44 


1 86 


1 58 
J.JO 


1 1 5 
1 . 1 j 


MTR "nR 


pr. 1 1 00+779 

lkJ 1 1 Uut / / Z 


1 1 -04-1 1 70 
1 1 .UH. 1 J. /VI 


+76-S8-S8 

T / VI. J O.J O. VI 


3110 


10QQ 


10QQ 


15 


1 81 


4 43 


94 
VI. 74 


MTR ACTM1 
1V1 1 R _rtVJl > 1 


SDSS T1 1 0517 51+11 1 419 9 


1 1 -05-17 SO 

1 1 .UJ. J 1 . JU 


4-11 -14-19 

T J 1 . it. JZ.VI 


1 9Q0 

VI. I77U 


1972 


1972 


37 


4 60 


4 28 


1 27 


MTR *nR 

-VI 1 ) 17 


SnSS T1 10691 96+015747 1 
OLIoO J 1 1 UOZ 1 ,70tUjJ / + / . 1 


1 1 -06-9 1 Q6 

1 1 .UU.Zl ."O 


4-01-S7-47 1 
tVIJ . J / .t / . 1 


2420 


2435 


2435 


17 


2 36 


3 23 


00 


MTR AON? 
1V1 1 IV _/\VJl > z 


9MASSi 11 1 06114-1 891 91 

Z.lVlrtk_>iJl Jll UUJJi — lOZl Z J 


1 1 -06-11 40 

1 1 .UU.JJ .tu 


-1 8-91 -91 

lO.Zl .Z. J .VI 


2.3050 


2 3194 


2 3194 


06 


1.02 


3 80 


0.64 


MTR AGN 

1V1 1 Iv_/vv 1 1 >l 


NGC IS 16 


1 1 -06-47 SO 

1 1 .UU.t / .JVI 


+79-14-07 

T / Z,. Jt.VI / .VI 


0.0090 


0080 


0.0100 


0.26 


2.88 


3.97 


0.78 


MTR AP1N9 

lVlll\._rtVJl> z 


MFSSTFR ]f)Q 
IVllLkJiJlClv 1UO 


11-11 -10 Q7 

11.11 .JU.7 / 


+SS-40-96 8 

TJJ ,4UiZU.O 


0.0032 


0070 


0.4680 


0.38 


1.18 


5.07 


3.07 


MTR SR 

IV11IV_>j1j 


T CRS Rl 10910 1-021804 


1 1-19-01 40 


-02-S4-99 


0.1060 


0.1074 


0.1074 


0.79 


19.36 


4.26 


1.82 


MIR SR 

lVlllV_kJlJ 


R? 1 1 1 1 +3? 

DZ ill ITJZ 


1 1-14-18 Q0 
1 1 . it-. J0.7U 


+19-41 -11 

TJZ.tl .JJ.VI 


0.1890 


0.1876 


0.6224 


0.14 


1.08 


5.16 


3.05 


MTR AfiN9 

lVlll\._rtVJl> z 


AM 1111 970 


11-1 S-11 60 
1 1 . 1 J. J 1 .ou 


97-1 6-91 

-Z. / . IO.Z.J.VI 


1 160 

VI. 1 JOVI 


1 

U. 1 JO J 


n 1 16s 


79 


Q 70 
y. IV 


1 Q7 
j.y I 


1 1 9 
i.iv 


MTR *nR 

1 V 1 1 17 


NGC 169 8 


1 1 -90-1 7 09 

1 1 .ZVI. 1 / .VIZ. 


+ 1 1-15-99 9 

Tl J.JJ .Z/Z..Z. 


0.0023 


0.0020 


0.0020 


0.87 




4.57 


2.65 


MTR SR 
iviirv_>jij 


TR A S 111 80+1 691 
IRrto ill oUt 1 UZj 


1 1 -90-41 70 
1 1 .ZU.t 1 . / U 


4.1 ft-06-S7 

T 1 0.VIO. J / .VI 


1660 


1618 


1618 


64 


12 36 


3 81 


1 01 

1 .Ul 


MTR *nR 

1 V 1 1 17 


CGCG 01 1 076 
v A J V. v I U 1 1 U / O 


1 1 '21*12 20 


09-S9-01 

-UZ.JV.VU.U 


0250 


0243 


0243 


47 


8 47 


3 90 


96 

VI. 7U 


MTR *nR 

1 V 1 1 1 7 


IVjnP 1660 


1 1 -91-19 90 

1 1 .Z J .JZiZU 


-08-19-10 
vi 0. jy . j vi. vi 


0120 


0121 


0121 


24 


1 77 


3 39 


33 


MTR SR 

1 VI 1 J 17 


-VI IN. IX IZ70 


1 1 -9Q- 1 6 60 

1 1 .£,y . 1 U.OU 


04-94-08 
-U+.Z.+.UO.U 


0690 

U.UUZ.U 


3688 


3688 


1 1 


1 01 


4 31 


1 76 


MTR ACTM9 
.V I 1 1\ _rtV J IN Z 


NGC 1781 


1 1 -19-01 70 

1 1 .J7.U 1 . / U 


-37:44:19.0 


0.0097 


0.0100 


0.0100 


0.13 


1.02 


4.54 


2.00 


MTR AON? 
.v i 1 r\ _,^av j in z 


NGC 1786 


1 1 -1Q-49 SO 

1 1 . J7.4Z. JVI 


+11-54-11 

TJ 1 . Jt . J J .VI 


0.0090 


0080 


0.0100 


0.26 


3.71 


4.93 


2.65 


MTR SR 

1 VI 1 J 17 


9MASYi T1 141990+405950 
ZlVl/\i5.A.l J 1 It 1 ZZVlTtVUyjU 


1 1 -41 -99 00 
11.41 .ZZ.UU 


+40-S9-S1 

T4U.J7.J 1 .VI 


I4Q0 
VI. ityvi 


I4S6 
U. l^tJO 


1 so? 

U. 1JUZ 


15 


4 16 


4 55 


9 10 

Z. 1U 


MTR SR 

-VI 1 IV_. ) 17 


NGC 1869 


I 1 -4S-0S 00 

I I .tj.vu.viu 


+ 1 9-16-99 7 

T l7.JU.ZZ. / 


0.0217 


0777 

U.UZ.Z.Z. 


077? 

U.UZ.Z.Z. 


0.25 


3.83 


4.26 


1.04 


MTR AP1N9 

lVlll\._rtVJl> z 


NGC 18Q4 

- < V J V J071 


1 1 -48-S0 10 

1 1 i40iJu>JU 


+S9-94-S6 

TJ7.Z4.JU.U 


0.0108 


0.0100 


0121 


19 


2 72 


4.32 


1.52 


MTR AHN9 

lVlll\._rtVJl> z 


9MAQY T1 1 511499+1 114976 
z.ivirtk_>yv jiuji 'tzzt 1 ji tz / u 


1 1 -Sl-14 90 

1 1 . J J . 1 1 .ZU 


+ 11-14-98 

T 1 J. 1T-.Z.O.VI 


1270 


1252 


1252 


54 


15 34 


4 89 


2.28 


MTR SR 
iviirv_>jij 


Mf,r 1Q89 

.Nv IV J70Z 


1 1 -S6-98 10 

1 l.JU.ZO. 1VI 


+SS-07-11 

TJJ .VI / .J 1 .VI 


0040 


0040 


0.0040 


0.43 


3.95 


3 76 


1 01 


MTR SR 

1 VI 1 J 17 


SDSS T115718 14+600145 6 

OUOJ Jl 1 J / 1 O . jtTUUU Jt J .u 


1 1 -S7-1 8 IS 

1 1 . J / . lO.JJ 


+60-01-4S 6 

TUUiUJ .t J .U 


4906 


4917 


0.4917 


0.18 


2.18 


3 87 


47 


MTR AnN1 

lVlll\._rtVJl> 1 


NCtC 1998 


1 1 -S7-S6 10 


+SS-97-1 1 

TJJ .Z, / . 1 J . VI 


0015 

U.UVIJ J 


0020 


0090 


0.16 


1 71 


4 21 


1 86 


MTR AHN1 

lVlll\._rtVJl> 1 


NGC 40 5 1 


1 7 03 09 60 


+44-11 -53 n 


0090 


0090 


0090 


0.36 


2.24 


4.08 


0.72 


MTR AfiNI 

lVlll\._rtVJl> 1 


TTfiT 07064 

VJ\JV_ W / UUrr 


17-04-43 30 


+31-10-38 

T J 1 . 1 Vt. JO . Vt 


0.0250 


0.0243 


0.0263 


0.36 


3.22 


3.67 


0.54 


MTR SR 

lVlllV_h7lJ 


Mr,r 4088 


17-05-34 1Q 


+S0-19-90 5 

TJU.jZ.ZU.J 


0.003 1 


0.0040 


0.0040 


0.46 


5.68 


4.25 


1.62 


MTR SR 

1 VI 1 J [7 


1M4CY T1 9054771 + 1651 085 
z.ivirtk_>yv J 1 zvi jt / / iTi uj 1 uoj 


1 7-05-47 70 


+ 16-51 -08 

T 1VJ.J 1 .VIO.VI 


0.2170 


0.2140 


0.2140 


0.40 


11.03 


3.98 


1.50 


MTR SR 

1 V I J J 17 


Mf,r 41 51 

, J V tui 


17-10-37 60 

1 Z. 1 U.JZ. VIVI 


+19-94-91 

TJ7. Zt .Zl.U 


0010 

VI. VIVI JVI 


0.0020 


0.0020 


0.75 


9.06 


5.88 


4.05 


MTR AnNI 

lVlll\._rtALJl> 1 


TR AS 191 19+0105 

llVTlkJ 1Z1 IZTUJUJ 


17-13-46 00 


+09-48-18 

TVIZ.tO. JO. VI 


0730 


0703 


0703 


84 


8 46 


4 24 


1 50 


MTR SR 
iviirv_>jij 


NGC 4 1 Q4 


19-14-09 64 

1 Z. It. VI 7. Ut 


+S4-11 -14 6 

TJt. J 1 . Jt.U 


0095 


0100 


0100 


81 




4 70 


2.37 


MTR SR 

1 VI 1 J 17 


pr. 1 9 1 1 -1- 1 41 

lkJ 1Z1 ItIH-j 


19-14-17 70 
1 Z. 1 1 . 1 / . / U 


+ 1 4-01-1 1 

T l + .UJ. 1 J. VI 


0810 


0790 


0790 


21 


1 30 


5 01 


2 07 


MTR AON1 
1V1 1 IS. _/\VJl > 1 


TR A S 1 9 1 97 1419 
1 1\ r\ J 1Z1Z /-ItlZ 


1 9 - 1 S - 1 8 Q0 
1Z. 1 J. I0.7U 


14-9Q-4S 
- 1 4.Z7 .t J .VI 


1 110 

VI. 1 J JVI 


1 165 

U. 1 JOJ 


1320 


1 7 




4 38 


2 84 


MTR AON? 
1V1 1 IV _/\VJl > z 


vrnp /1951 
INvjC 4ZJJ 


1 9-1 S-9ft SO 
1Z. 1B.ZO.jU 


+ZV.to.tO.O 


01 in 

U.Ul JU 


1 9 1 

U.U1Z1 


1 9 1 

U.U1Z1 


O SA 
U.J4 


O.08 


A OA 

4.U0 


O 71 

u. / 1 


lvllK_rtLJlN Z 


NGC 4261 


12:19:23.20 


+5:49:30.8 


0.0074 


0.0080 


0.0060 


0.18 


1.46 


4.56 


1.83 


MIR.AGN2 


NGC 4385 


12:25:42.67 


+00:34:20.4 


0.0071 


0.0060 


0.0060 


0.34 


1.71 


4.34 


1.93 


MIR.SR 


NGC 4388 


12:25:46.70 


+12:39:44.0 


0.0080 


0.0080 


0.0080 


0.60 


6.72 


4.17 


1.52 


MIR.SR 


3C 273 


12:29:06.70 


+02:03:09.0 


0.1583 


0.1641 


0.1641 


0.27 


1.87 


5.09 


2.21 


MIR^VGN2 


MESSIER 088 


12:31:59.20 


+14:25:14.0 


0.0080 


0.0080 


0.0080 


0.22 


1.62 


3.45 


0.80 


MIR.SB 


MRK0771 


12:32:03.60 


+20:09:29.0 


0.0630 


0.0640 


0.0640 


0.14 


1.58 


4.81 


1.38 


MIR.AGN1 


LBQS 1230+1627B 


12:33:10.40 


+ 16:10:52.0 


2.7350 


2.7350 


2.7350 


0.07 


1.02 


3.74 


0.35 


MIR.AGN 


NGC 4507 


12:35:36.60 


-39:54:33.0 


0.0120 


0.0121 


0.0121 


0.43 


3.13 


5.52 


3.70 


MIR^VGN2 


SMM 1123555.1+620901 


12:35:55.13 


+62:09:01.6 


1.8750 


1.8685 


1.8343 


0.16 


2.65 


2.33 


-0.35 


MIR.COMP 


GOODS J123600.15+621047.5 


12:36:00.16 


+62:10:47.3 


2.0020 


0.4593 


2.0156 


0.06 


1.22 


3.02 


-0.18 


MIR.COMP 


SDSS 1123603.25+621111.1 


12:36:03.25 


+62:11:10.8 


0.6380 


0.6420 


0.6420 


0.32 


11.77 


2.92 


-0.21 


MIR.SB 


GN 850.07 


12:36:21.27 


+62:17:08.1 


1.9920 


2.0156 


1.9677 


0.11 


1.01 


2.33 


-0.41 


unknown 
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Table 1 (cont'd) 



source ID RA (J2000.0) Dec (J2000.0) z spcc z MCP l Zml 7 R \o%Jf l°g*M L MIRclass 



(1) 




(2) 




(3) 




(4) 




(5) 




(6) 


(V) 


(8) 


(9) 


(10) 


(11) 


ot~\o o Tin/"n cc\ , f a A A A 

SDSS J123622.50+621544.4 


12 


:36 


:22 


.48 


. 1 C A a n 

+62:15:44.3 





.6390 





.6354 


1 


8858 





.17 


2. 


79 


2. 


.77 


0. 


.33 


MIR.SB 


SDSS J 123633.25+620834.6 


12 


:36 


:33 


.22 


. r ^\ no i A i 

+62:08:34.7 





.9340 





.9346 


0. 


.9346 





.18 


3. 


86 


2. 


64 


-0. 


41 


unknown 


bbN 228 


12: 


:36 


:34 


.51 


+62:12:40.9 


1 


.2190 


1 


.2163 


1 


2252 





.24 


3. 


83 


2. 


80 


-0 


24 


MIR.SB 


GOODS J 123655.94+620808.6 


12: 


:36 


:55 


.93 


■ /~1 no no 1 

+62:08:08.1 





.7920 





.7930 


0. 


7894 





.24 


4. 


87 


2. 


68 


-0. 


31 


MIRXOMP 


GOODS J 123704.33+621446.6 


12 


:37 


:04 


.34 


■ f 1 A A /** 1 

+62:14:46.1 


2 


21 10 


0. 


.2262 


0. 


6095 





.10 


1 


.31 


2. 


.41 


-0. 


62 


unknown 


[BI2006J J 123707. 176+621408. 


12 


:37 


:07 


iy 


■ s 1 a no r\ 

+62:14:08.0 


2 


4900 


2 


.4687 


2 


5035 





.24 


5. 


.32 


2. 


00 


-0 


93 


unknown 


OA /TA 1 TI1T71 1 1 , ilinC 

SMM J 123 /l 1.1+621325 


12 


:37 


:11 


.37 


i /ii .11.11 1 

+62:13:31.1 


1 


.9960 


1 


.9856 


1. 


9856 





.24 


3. 


75 


2. 


.30 


-0 


55 


IV ttti on 


OA TA I Tl^ni 1 A , ^1111 

SMM J 12371 1.9+621331 


12: 


:37 


;11 


.97 


. f ^ 1 1 ^ C O 

+62:13:25.8 


1 


.9920 


1 


.9856 


2. 


0036 





.22 


3. 


.61 


2. 


.09 


-0. 


70 


MIR.SB 


SDSS J 123/16.59+621643.9 


12 


:37 


:16 


.59 


i C*k. 1 CA 1 1 

+62:16:43.2 





.5570 


1 


.8061 


1 . 


.7949 





.25 


2. 


88 


2. 


.57 


-0. 


38 


A yfTT) OH 

M1KJSB 


GOODS J123/26. 51+622026.8 


12 


:37 


:26 


.49 


+62:20:26.6 


1 


8600 


1 


.7232 


1 . 


7232 





.13 


2. 


06 


2. 


.43 


-0 


57 


JV11K_ACjJN2 


SDSS J 123734.60+621723.2 


12 


:37 


:34 


.52 


+62:17:23.2 





.6410 





.6387 


0. 


6354 





.27 


6 


55 


2. 


96 


0. 


01 


a iTn o n 

MIR.SB 


MbSSIbR 05s 


12 


:37 


:43 


.50 


j 1 1 a n.AC n 

+ 11:49:05.0 





.0050 





.5218 





0060 





.20 


1. 


.44 


4. 


14 


1 


.81 


A A 1 T"» o n 

M1R.SB 


NGC 45y3 


12 


:39 


:39 


.40 


-05:20:39.0 





.0090 





.0080 


0. 


0100 





26 


2. 


.67 


4. 


79 


2. 


.07 


MIR.AGN1 


A TT -1 O C 1 f T " l"» 1 A/( 

MbSSIbR 104 


12 


:39 


:59 


.40 


-11:37:23.0 





.0030 


0. 


.0040 


0. 


0040 





.47 


3. 


.04 


4. 


14 


1 


.79 


a jTn on 

M1R.SB 


NGC 4602 


12: 


:40 


:36 


.50 


nc n^7 c c f\ 

-05:07:55.0 





.0080 





.0080 


0. 


0080 





.39 


2. 


.11 


3. 


.47 





38 


a /TTn on 

M1R.SB 


1C 3639 


12: 


:40 


:52 


.80 


i f Ac "i i n 

-36:45:21.0 





.0110 





.0141 





0141 





.36 


2. 


.92 


4. 


19 


1 


11 


A TTn A r<\TO 

MIR.AGN2 


JNCjC 46/6 


12 


:46 


:10 


.10 


+30:43:55.0 





.0225 





.0243 


0. 


0243 





.39 


4. 


.39 


4 


.38 


2. 


.23 


h /TTn on 


rO 1244+026 


12 


:46 


:35 


.20 


+02:22:09.0 





.0480 


0. 


.0471 


0. 


1118 





13 


2. 


20 


4. 


19 


0. 


78 


A /TTn A f~~* A,T 1 

JVI1K_ACjJN 1 


bBQS J 124707.7+3/0536 


12 


:47 


:07 


.70 


i 1 1 . A C. 1 1 A 

+3 7:05:37.0 





.1580 





.1595 


0. 


1595 





.37 


2. 


.40 


4. 


60 


1 


.72 


MIR_SB 


NGC 4/48 


12 


:52 


:12 


.40 


-13:24:53.0 





.0150 





.0141 


0. 


0141 





.38 


4. 


78 


3. 


64 





76 


MIR_SB 


UGC 08058 


12 


:56 


:14 


.20 


+56:52:25.0 





.0420 





.0408 


0. 


0450 





.40 


3. 


.28 


5. 


.97 


4. 


.40 


A TTn A r<\TO 

MIR.AGN2 


NGC 4818 


12 


:56 


:48 


.90 


no 1 1 1 1 1 

-08:31:31.1 





.0022 





.0020 


-0 


.0020 





.58 


6 


.35 


4. 


.70 


2. 


.50 


a TTn on 

M1R.SB 


FBQS J125807.4+232y21 


12 


:58 


:07 


.40 


+23:29:22.0 





.2590 





.2661 


0. 


2661 





.22 


3. 


.02 


4. 


.57 


1 


.10 


MIR.AGN2 


u t a rs-\r in nnnco o . i/oiiri 

2MASX J13000533+1632151 


13 


:00 


:05 


.30 


■ 1 f 1 o 1 c r\ 

+ 16:32:15.0 





.0800 





.0920 


0. 


0920 





.22 


1 


.30 


4. 


78 


1 


.81 


A TTn A X T 

MIR_AGNx 


NGC 4y22 


13 


:()1 


:24 


90 


l ^n 1 O >1A A 

+29:18:40.0 





.0240 


0. 


.0243 


0. 


0243 





.43 


6 


.49 


4. 


.20 


2. 


.15 


MIR.AGN2 


NGC 4y41 


13 


:04 


:13 


.10 


n c 1 1 n n 

-05:33:06.0 





.0040 


0. 


.0040 


0. 


0040 





.31 


3. 


.55 


4. 


.16 


1 


26 


A TTn A r<\TO 

MIR.AGN2 


ngc 4y3y 


13 


:04 


:14 


.40 


in /-\ 

-10:20:23.0 





.0104 





.0100 


0. 


0100 





.38 


3. 


39 


4. 


82 


2. 


.49 


A TTn A n\in 

MIR.AGN2 


/—i At\ A C 

NGC 4y45 


13 


:05 


:27 


.48 


/) n ^*o AC z' 

-49:28:05.6 





.0009 





.0040 


0. 


0040 





.66 






5 


20 


4. 


70 


MIR.SB 


n/~> i i no 1 n^ 

PG 1302-102 


13 


:05 


:33 


.00 


1 A . 1 1 1 A A 

-10:33:19.0 





.2780 





.2788 


0. 


2788 





.10 


1. 


.92 


4. 


.83 


1 


.35 


A TTn A PATl 

MIR.AGN 1 


NGC 4y68 


13 


:07 


:06 


00 


-23:40:37.0 





.0098 


0. 


.0100 


0. 


0100 





.54 


4. 


.16 


3. 


.99 





.84 


A TTn Af^\T1 

M1K_ACjJN2 


n/"* i 1 m i no c 

PG 1307+085 


13 


:09 


:47 


.00 


. no 1 A. A O A 

+08:19:48.0 





.1550 


0. 


.1549 


0. 


1525 





.10 


1 


86 


4. 


82 


1 


.44 


A TTn A /^M1 

MIR.AGN 1 


JNCjC 5U03 


13 


:10 


:56 


.20 


i IT. A1 .11 A 

+3 7:03:33.0 





.0030 





.0020 


0. 


0020 





.37 


2. 


.50 


3. 


.90 


1 


.69 


n /TTn on 

M1K_SB 


I 1 1 /— \ ci T101^1TTiOC1C^1 

bBQS J 131217.7+35 1521 


13 


:12 


:17 


.80 


■ 1 C 1 C ^ 1 A 

+35:15:21.0 





.1840 





.1805 


0. 


1 805 





.28 


4. 


42 


4. 


56 


1 


.20 


A TTn A PXTl 

M1R.AGN 1 


TT) AO 111 A/£ AAO^ 

IRAS 13106-0922 


13 


:13 


:14 


.80 


A A.I O . A A A 

-09:38:00.0 





.1745 





.1711 


0. 


.1711 





.26 


3. 


.78 


3. 


.89 


2. 


15 


n TTn on 

M IK_SB 


\7/n /"i CAH 

NGC 5033 


13 


:13 


:27 


.50 


■ 1 1 c o o r\ 

+36:35:38.0 





.0030 


0. 


.0040 


0. 


0040 





.59 


3. 


.42 


4. 


.45 


2. 


67 


a TTn on 

M1R.SB 


MCG -03-34-063 


13 


:22 


:19 


.00 


-16:42:30.0 





.0210 





.0202 


0. 


0202 





.32 


5. 


13 


3. 


.19 


0. 


.14 


a TTn o n 

M1R.SB 


SDSS J132323. 33-015y41.y 


13 


:23 


:23 


.33 


-01:5y:41.y 





.3503 





.3498 


0. 


3498 





.18 


2. 


.96 


3. 


.57 





.35 


a TTn a r!\Ti 

M1R.AGN2 


tt m o m 1011 . n c o 

[HB89J 1321+058 


13 


:24 


:19 


90 


. nc n ac a 

+05:37:05.0 





.2051 





2044 


0. 


2386 





.20 


1 


.07 


4. 


52 


2. 


62 


A TTn A r<\TO 

MIR.AGN2 


NGC 5128 


13 


:25 


:27 


.60 


A 1 . A1 . AA A 

-43:01:09.0 





.0020 





.0020 


0. 


0020 





.76 






4. 


78 


2. 


60 


A /TTn a f~~y \to 

M1K.AGN2 


JNCjC 5135 


13 


:25 


:44 


.00 


1A.CA.A1 A 

-29:50:01.0 





.0140 





.0141 


0. 


0141 





.69 


9. 


.36 


4. 


.16 


1 


.40 


a TTn on 

M1KJSB 


A TT -1 C 1 C 1 TF 1 TI MCI 

MbSSIbR 051a 


13 


:29 


:52 


.70 


+47:11:43.0 





.0020 





.0020 


0. 


0020 





.75 


7. 


.99 


4. 


58 


2. 


.75 


a TTn on 

M1R.SB 


bSO 383- G 035 


13 


:35 


:53 


.80 


1 /I 1 T i <l A 

-34:17:44.0 





.0080 





.0060 


0. 


0060 





.38 


3. 


.34 


5. 


29 


2. 


.75 


MIR.AGN1 


IRAS 13335-2612 


13 


:36 


:22 


.30 


-26:27:34.0 





1250 





.1230 


0. 


.1230 





.42 


11 


.59 


3. 


.96 


1 


.40 


a TTn o n 

M1R.SB 


2MASX J13362406+3yi7305 


13 


:36 


:24 


.10 


+39:17:31.0 





.1793 





.1782 


0. 


.1782 





.38 


2. 


86 


4. 


24 


1 


.21 


MIR.AGN1 


IC 42y6 


13 


:36 


:39 


.00 


-33:57:57.2 





.0124 





.0121 





0121 





20 


1. 


.43 


4. 


26 


1 


.55 


MIR.AGN2 


[HB8y] 1334+246 


13 


:37 


:18 


.70 


+24:23:03.0 





1080 





.1096 


0. 


1096 





51 


3. 


62 


5. 


47 


2. 


66 


MIR.AGN1 


NGC 5256 


13 


:38 


:17 


.50 


+48:16:37.0 





.0280 





.0284 


0. 


.0284 





.58 


10 


.07 


3. 


.89 


1 


.20 


MIR.SB 


MRK 0273 


13 


:44 


:42 


.10 


+55:53:13.0 





.0380 





.0387 





0387 





.55 


1 


.10 


4 


.55 


2. 


.28 


MIR.SB 


4C +12.50 


13 


:47 


:33 


.30 


+ 12:17:24.0 





.1217 





.1207 





1207 





.32 


3. 


.07 


5. 


.15 


2. 


.22 


MIR.AGN2 


2MASX J 1 34840 1 1 +58 1 8522 


13 


:48 


:40 


.20 


+58:18:52.0 





1580 





.1525 





1525 





.65 


7. 


68 


4. 


.73 


1 


66 


MIR.SB 


IC 4329A 


13 


:49 


:19 


.20 


-30:18:34.0 





.0160 





.0161 





.0854 





.34 


1 


.21 


4. 


24 


1 


.41 


MIR.AGN2 


UGC 08782 


13 


:52 


:17 


.80 


+31:26:46.5 





.0450 





.0450 


0. 


0471 





.35 


5. 


.89 


4. 


51 


2. 


.06 


MIR.SB 


PG 1351+640 


13 


:53 


:15 


.80 


+63:45:46.0 





.0880 





.0876 





0876 





.29 


3. 


.44 


4. 


.37 


1 


65 


MIR.AGN1 


NGC 5347 


13 


:53 


:17 


.80 


+33:29:27.0 





.0080 





.0080 





1572 





.34 


1 


38 


5. 


.34 


2 


.89 


MIR.AGN2 


SDSSJ135331.57+042805.2 


13 


:53 


:31 


.60 


+04:28:05.0 





.1360 





.1365 





1343 





.41 


8 


04 


3. 


.95 


1 


50 


MIR.SB 


MRK 0463 


13 


:56 


:02 


.90 


+ 18:22:19.0 





.0503 





.0492 


0. 


0471 





.40 


3 


.17 


5. 


.54 


3. 


27 


MIR.AGN2 


2MASX J13561001+2y05355 


13 


:56 


:10 


.00 


+29:05:35.0 





.1080 





.1074 


0. 


.1074 





.47 


1 


25 


4. 


85 


2. 


16 


MIR.SB 
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Table 1 (cont'd) 



source ID 


RA (J2000.0) 


Dec (J2000.0) 


£spec 


Z MCPL 


ZML 


r 


R 




1 2 

lQ g*ML 


MIRclass 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


IMA^Y T1409S1 91 +9ftl1 17S 
Z1V1/\iJ.A. J 1 M-UZ J 1Z1 tZOj 1 1 / J 


14-09-S1 90 

1 ^ At A.J 1 .AU 


4-9^-^1 -ISO 


1 S70 
U. 1 o / u 


f > 1 1 s. s 

U. 1 1 oj 


1 1 


n oq 

U.U7 


1 08 
l .uo 


3 43 
J.+J 


ftO 
-u.ov 


MTR AnixTI 
1V1 1 1\._aaVJ1> 1 


ITTRSQT 1409+41ft 


14-04-38 80 


+47-97-07 fl 


3233 


0.3444 


0.3444 


19 


1 72 


4.23 


0.94 


MTR A HAH 


PROS T140S+9SSS 


1 40S- 1 ft 90 
1H-.UJ. lO.ZU 


TZJ.JJ.Jt.U 


1640 


1 ft1 s 
U. lOlo 


2737 


18 


1 27 


4 7S 


1 71 


MTR Am\T1 

1V1 1 fv _/\ VJ 1 > 1 


1URF OftftS 


1 4 07 00 40 


TiO.i / . 1 J.U 


0766 


0700 

U.U/7U 


0790 


27 


9 ^8 
Z.JO 


4 60 


2 00 


MTR AfiNI 
iviiix_/\mN i 


7MASY T140S1S00+9004474 


14-08-10 00 

1 t.UO. 1 7/.UU 


4-9Q-04-47 


1 170 


1 185 


1 185 


0.45 


8.14 


4 93 


2.60 


MTR SR 
iviirv_>jij 


SRS 140S+Sft7 


1 4'00'SS S7 


TJO.Zo.ZO.J 


2 5830 


2 7500 


1 6854 


08 


1 21 


4 33 


94 


MTR AfllxT 
1V1 1 lx _rt\Jl N 


3C 295 


14-11 -90 ftO 

it. 1 1 .Z.U.UU 


+59-19-OQ 


0.4610 


2.841 1 


0.3634 


0.07 


1.03 


3.61 


0.30 


MTR AfiN? 


Nnc SSOft 


14-17-14 Q0 
it. Lj. i t.T/o 


-07-19-97 


OOftO 
u.uouo 


OOftO 
o.ouou 


0060 


0.55 


4.24 


4.30 


1.83 


MTR Ani\T9 

lVlllX_rtvJl "IZ. 


Pn 141 1 +449 


14-17-48 70 

1 ^t. 1 j .to. 


+44-00-14 


0.0896 


osos 

U.U070 


0.1411 


0.09 


1.23 


5.01 


1.43 


MTR Aril\T1 


TR AS F14171-0176 

1 1\ r\ . 1 1 ltlil"UliU 


|4- |4-4< <n 


-01 -40-SS 


0.1502 


0.1502 


0.1502 


0.44 


7 71 


4.63 


2.20 


MTR SR 


rHRSQl 1413+1 17 


14-1 S-46 77 


+ 11:29:43.4 


2.5580 


2.5529 


2.5529 


0.16 


1.47 


4 59 

t. jy 


1.04 


MTR ArilST 

1V1 1 I\_/vV J 1 >l 


ITTRSQT 1411+11S 


14-1 S-SS SO 
14-. IJ.Jo.oU 


+ 1 1-90-94 
T 1 J.ZU.Zt.U 


94ft7 
u.z+o / 


94ft0 
u.ztou 


9S60 


12 


1 31 
l . J l 


4 06 


1 28 


MTR AnixT9 
1V1 1 I\._/AVJ1> Z 


NCtC SS4S 

1 N v JV JJtO 


14-17-SQ SO 
14-. 1 / .J7.JU 


+9S-0S-19 

+ZJ .Uo. 1Z.U 


0170 


0182 


1456 


36 


1 88 


5 22 


2 82 


MTR AnixTI 
1V1 1 I\._/AIJ1> 1 


ir ?Q8 

Ji_ z.yo 


1 4- 1 0-08 90 
14-. I7.U0.ZU 


+0ft-9S-lS 

tUO.Zo.jj ,U 


1 4360 


1 4396 


1 6322 


OQ 
v.vy 


1 22 


4 03 


38 


MTR AfTN9 

.VI 1 1\ V 1 1 N z, 


CDS^ T14991 1 ftS+07SQ97 Q 


14-99-1 1 ftO 

14-.ZZ. 1 1 .OU 


+07-SQ-9S 
tU / .J7.Z0.U 


1310 


1320 


1320 


n ^4 

U. J+ 


j. jj 


4 56 


1 43 


MTR SR 

-VI 1 ) 17 


TRAS F14909+9ft1 S 


14-99-11 40 

It.ZZ.J 1 .tU 


+9ft-09-0S 

tZO.UZ.UJ ,u 


1587 


1595 


1595 


0.45 


8.44 


4 80 


2.36 


MTR SR 




14-99-^ 40 

it.ZZ.JJ .tO 


+19-S1 -01 

JZ.. J 1 ,UJ.U 


0.0340 


0.0346 


0.0346 


0.28 


3.49 


3.89 


1.50 


MTR SR 

1V111X_>j1j 


snss ti 49614 83+3W616 n 


14-76-14 87 

1 l- r. Z.U. 1 't.O / 


+lS-0ft-1ft S 

Tj J ,UU. 1 O.J 


0.2168 


0.2165 


0.3073 


0.09 


1.20 


3.97 


0.27 


MTR Aril\T9 


FT X T149644 33+3330^1 7 


14-76-44 74 


+11-10-S9 

J J.J U. JZV. U 


1 1SS0 

J.JJJU 


1.5391 


3.4093 


0.23 


2.47 


3.23 


0.17 


MTR AniSJ 

1 VI 1 IX _rt VJ 1 "1 


omacv ti 47801 06-1603400 


14-78-01 10 

1T-.Z.O.U1.1U 


-1ft-0l-l0 

- 1U.UJ.J7.U 


0.1490 


0.1479 


0.1479 


0.41 


5.98 


4.56 


1.83 


MTR SR 


QQT94 T149S97 1 +1S41 97 
Ml Zt J IHZoZ / .iTJJtlZ/ 


14-98-97 1Q 
1 t.Zo.Z 1 . Ly 


+1S-41 -97 7 


1 9010 
1 .ZVJU 


1 2702 


1 2702 


22 


j. / j 


4 02 


1 1 s 
i . i j 


MTR AnixT9 
ivi i f\._rAVji> z 


SDSS T149S41 09+14941 1 8 


14-98-49 Oft 

1 -T . Z. O . tZ . 7? U 


+14-94-00 

TJt.Zt.U7.7 


2. 1 800 


3.0949 


0.6954 


0.09 


1.43 


3.44 


01 


mtr Ariiv 

1 VI J. IX _rt VJ 1 "1 


.VI F\ IX Ijoj 


14-9Q-0ft ftO 
lt.Z7.uu.0u 


+01 - 1 7-0ft 
tU 1.1/ .UO.U 


0870 


0854 


1900 


22 


1 3Q 


4 49 


1 18 


MTR AfiNI 

.VI 1 1\ V J 1 N 1 


TRAP T149Q1Q 1+1S1SS7 


1 4-90-10 1 8 
1 H.Z7.J". 1 


■ QS-1S-SS 4 

TJJ.JJ.JO.4 


2 4980 


2 4479 


2 5886 


07 


1 07 


2 63 


-0 72 


unknown 


SDSS T1411 19 1 1+14141 7 1 

i) 17- 1 1. f JltJlJi,.lJ TJ^ iTl I.J 


14-11 -19 17 

ll.Jl. JZ. 1 / 


+34"14"17 9 


1 0370 


1 0337 


1 0337 


14 


1.79 


3 18 


-1 21 


MTR AnixTI 

1V1 1 IX_/AIJ1> 1 


cnec TI 411 Sft 17+19S1 17 ft 


1411 -Sft 40 
It.jl.JO.tU 


+19-S1 -is 1 

tjZ.j I.Jo. 1 


4120 


4 1 90 


4077 


n oq 


1 01 


3 96 


32 


MTR ArilxTI 

1V1 1 f\._AA*Jl> 1 


FRO<\ T14l1+I41ft 

1 1 7 \JJ , 7 JltJJ TJH 1 U 


14-11 '57 Oft 

1 t.Zl 1 . J / .7U 


+i4*ifi*sn 1 
tjt. 10. j\j. 1 


0.7155 


7193 


7193 


0.15 


2.60 


4.20 


71 


MTR AnixTI 


1 N V J V JUtJ 


14-19-40 SO 

1 *+ . J z. . '-t \) . O I. / 


-44-10-90 
tt. 1U.Z7.U 


0.0040 


0.0040 


0.0040 


0.62 


4.03 


5.55 


3.28 


MTR Ani\T9 

!VlllX_rt VJ 1 > Z, 


snss Ti4inn io+ii4ft04 i 


14-11-10 11 


+ll-4ft-04 S 
T J J.+O.U+. J 


9 4000 
z.+uuu 


9 411ft 

Z.+ 1 JO 


9 41 ^6 


n oq 

U.U7 


1 10 


4 04 


22 


MTR AnixT 
1V1 1 IN. N 


NCtC i"ft74 


14-11-S9 90 


+0S-97-10 

TUJ.Z / ,JU.U 


0.0250 


0.0243 


0.0243 


0.25 


3.98 


4.09 


1.33 


MTR SR 

J VI 1 1\_.7 17 


SST94 T1 41494 4+114S41 


14-14-94 SO 


+11-4S-41 1 

TJJ.4J .4J.J 


2 2630 


2.3729 


2.3527 


0.09 


1.05 


2.97 


-0 21 


1 1 nL r nn\i/n 
LllllvllOVVil 


T Tf^r 004 1 9 

VJ VJ V, 1 Z 


14-3fi-7? 10 

iT^.JU.ZZ. 1 \J 


+SS-47-10 

tJO.T / .J7.U 


0310 


0325 


0325 


28 


2.19 


3.98 


60 


MTR Ani\T1 

!VlllX_rtvJl "1 1 


xT)<\S T14179S 77+144S47 9 

OUOkJ J 1 T 1 J / Z.O. / / TJItJt / . Z. 


14-17-9S SO 
ih.j / .Z.0.0U 


+14-4S-47 ft 

TJT.4J.1 / .O 


ft 9 00 

U.OZ.UO 


6420 


6420 


12 


1 60 


4 29 


92 


MTR Ani\T9 

!VlllX_rtvJl "IZ. 


T14171S11 -1 S0091Q 


14-17-1S 10 


-1 S -00-91 

1 J . OV7.Z. J.O 


0830 


0833 


0833 

\J .\JOJ J 


42 


1 21 


5 12 


2 76 


MTR SR 

J V I 1 J [7 


TT4RSQ1 141S-0ft7 


14-38-1fi 10 


-0ft-SS-91 

OU. JO . z. 1 .0 


1260 


0768 


0768 


14 


2 40 


4 11 


44 


MTR AnN1 

!VlllX_rtVJl > 1 


ir ini 1 


14-47-14 R0 


+77-07-90 
ill .0 / .A.y .\) 


0.2670 


9ftSft 

O.Z.OOO 


0.2661 


0.20 


1.96 


3.87 


77 


MTR AGN? 

!VlllX_rtVJl> z. 


PG 144S+971 


14-S1 -08 70 


+97-00-97 

TZ / .U7.Z / ,U 


Oft so 

U.UOJO 


0.0661 


0.0661 


0.12 


1.79 


4.23 


0.86 


MTR AnixTI 

1V1 1 IX_/AVJ1> 1 


TRAS 14484-7434 


14-^1 -73 80 


_94-4ft-10 


0.1480 


0.1456 


0.1456 


0.47 


10.83 


4.11 


1.66 


MTR SR 

J VI 1 1\_.7 17 


2MASX 11 501 1320+2329085 

ilV17\0/\ J 1 JU1 1 J Z. V7 1 Z. J Z. 7? w O J 


1 5 01 -13 20 


+91-90-0S 

T Z. J . Z. 77 . V J O . \J 


0.2580 


0.2535 


0.2535 


0.16 


1.91 


3.82 


-0.06 


MTR Ani\T9 

lVlllX_rtXJl>(Z. 


SDSS T1 SOS10 Sft+S74107 9 

JUjO J J JUJJ7.JUTJ / <+JU I .Z. 


1 <v05'39 ^0 

1 J ,UJ . J7.JU 


+S7-47-07 

1 J / .*+ J .O / .O 


0.1505 


0.1456 


0.1456 


0.48 


10.89 


4.15 


1.96 


MTR SR 

1V11JX_>j1j 


7MAQY TI S1 1 S070-91 1001 S 

Z.lVlrtk_>yV J Ul 1 J77 / 7 Zl 17U1J 


1 S-1 1 -SO SO 

LJ, 1 1.J7.0U 


-21:19:02 


0.0446 


0.0471 


047 1 


08 


2 02 


4 45 


71 


MTR Ani\T 

1V1 1 Iv_/vv 1 1 >l 


uuv \>y i yy 


1 S-1ft-44 40 

LJ. lU.tt.T'U 


+07 01 -1ft ft 

iKI 1 .Ul. 1 U.U 


0344 


0346 


2 1074 


08 


1 47 


3 42 


33 


MTR AnixT9 

lvlllX_rtVJl N Z 


9MA^*\i TI SI ftS!9+1 Q004S 
ZlvlrtOvM J 1 J 1 OJ jZt i yuuto 


1 S- 1 ft-Sl 90 
LJ. IO.JJ.ZU 


+ 1Q 00-4S 

T 1 7.UU.tO.U 


1900 


2386 


2386 


33 


2 90 


3 86 


OS 

U.UJ 


MTR AnixTI 
1V1 1 IX_aaVJ1> 1 


cns^ T1S991S 10+1111 IS 8 

oUoO J 1 JZZjo. 1 Utjjj 1 jj.o 


1 S-99-1S 00 

1J.ZZ.jO.UU 


+11-11 -1ft 
tjj.j l.JO.U 


1250 


1 910 
U. 1ZJU 


1230 


n 46 


4 03 


4 27 


1 77 


MTR SR 

-V I 1 IV_. ) I > 


Zlvl/\oA J 1 JZ44Joy+ZJ4Uuyy 


1 S-94-4^ on 


_L9i'4n- 1 n n 

+ZJ.4U. 1U.U 


n i ion 

U. 1 jyli 


o i 'iss 

U. 1 Joo 










1 ft9 
1 .OZ 


lvllK_r_SjD 


NGC 5929 


15:26:06.10 


+41:40:14.0 


0.0080 


0.0080 


0.0060 


0.25 


2.24 


3.35 


0.22 


MIR.SB 


3C 321 


15:31:43.40 


+24:04:19.0 


0.0960 


0.0963 


0.0963 


0.31 


2.81 


4.98 


2.74 


MIR.AGN2 


NGC 5953 


15:34:32.40 


+ 15:11:38.0 


0.0070 


0.0060 


0.0080 


0.51 


3.24 


5.21 


3.27 


MIR.SB 


ARP 220 


15:34:57.10 


+23:30:11.0 


0.0180 


0.0161 


0.0161 


0.51 


1.36 


5.93 


4.15 


MIR.SB 


[HB89] 1543+489 


15:45:30.20 


+48:46:09.0 


0.3996 


0.8662 


0.8662 


0.17 


1.10 


4.84 


1.53 


MIR.AGN1 


[HB89] 1545+210 


15:47:43.50 


+20:52:17.0 


0.2640 


0.2611 


0.2611 


0.15 


1.74 


4.04 


0.64 


MIR.AGN1 


NGC 5995 


15:48:24.90 


-13:45:28.0 


0.0250 


0.0263 


0.0243 


0.31 


3.19 


4.01 


0.90 


MIR.SB 


IRAS 15462-0450 


15:48:56.80 


-04:59:34.0 


0.0998 


0.1007 


0.1007 


0.47 


2.18 


5.21 


2.83 


MIR.AGN2 


2MASX J15504152-0353175 


15:50:41.50 


-03:53:18.0 


0.0303 


0.0304 


0.1185 


0.41 


1.95 


3.85 


0.75 


MIR.AGN1 


SDSS J160250.95+545O57.8 


16:02:50.96 


+54:50:58.1 


1.1970 


0.3073 


1.2252 


0.07 


1.13 


3.09 


-0.55 


MIR.AGN1 


SDSS J160418.97+541524.3 


16:04:19.01 


+54:15:24.4 


1.4770 


2.0888 


2.2537 


0.09 


1.26 


3.34 


-0.56 


MIR.AGN2 


SDSS J160437.80+534957.6 


16:04:37.83 


+53:49:57.8 


0.9560 


0.9618 


2.5035 


0.08 


1.01 


2.83 


-0.68 


MIR.AGN 
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Table 1 (cont'd) 



source ID 


RA (J2000.0) 


Dec (J2000.0) 


£spec 


Z MCPL 




y 


R 


logo/K 


1 2 
l0 g*ML 


MIRclass 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


V) 


(8) 


(9) 


(10) 


(11) 


cnee Tl 60617 87+515008 4 


1 6-06-17 87 

lO.UO. 3 1 .O 1 


tJJ.JU.l/O.O 


9 Q410 


1 1Q41 

1 . 1 7t J 


1 61 65 

1 .0 IOJ 


08 
u.uo 


1 Vif\ 
1 .\J\J 


3 48 


05 
U.UJ 


MTR AfTM 

1V1 11X _rtUl> 


SDSS T1fiin07 1 1+5158140 

oUOO J lOl UW / . 1 1tJjJ014.U 


16-10-07 1 1 

1 O. 1 U.U /.ll 


+53-58-14 

TJJ.Ju. 1*T.U 


2.0150 


1.8800 


1.8800 


0.09 


1.28 


3.61 


0.06 


MTR AnN1 
iviii\._r\VJi> 1 


9MAS;V" T161 14049 0147069 
ZlvlrtoA. J 1 1 IWrZ-ult / UOZ 


16-11 -40 SO 
lO. 1 1 .tU.JU 


01 -47-06 
-U 1 .*-t 1 .uo.u 


1340 


1343 


1343 


57 


14 45 


5 04 


2 51 


MTR SR 

.VI 1 1\_'.> 1> 


9MA^*\i 11 61 91QQ+471 157 


1 6- 1 9-1Q Q0 

1U. 1Z.J7."U 


4.47.1 1 -S7 


2 3961 


2 3729 


2 3729 


10 


1 48 


3 60 


13 


MTR AfTM 


SDSS T16195Q 98+541 501 5 

JUjJ J 1 O 1 iJ7.iOTJ7 1 JU J . J 


16-19-50 97 

lO. 1Z..J7.Z. / 


+S4-1 5-01 Q 

TJi. 1 J . U J. 7 


1 1700 


1 1724 


1 1724 


16 


3.65 


2 95 


-0 59 


MTR POMP 
ivi 1 1\ _v . \_*ivi r 


MBF 0876 


1 6- 1 1-57 90 

lU.lj.J / .ZU 


+65-41- 1 

+UJ.H-J. 1U.U 


1290 


1297 


1297 


99 
u.zz 


2 64 


4 93 


2 15 


MTR ACTM1 


SDSS Tl 61401 08+544711 1 

JLlJO J lOl 1 .UOTJtt / J J . 1 


16-14-01 0Q 
10. it.ui .\jy 


+S4-47-11 9 

tJH.H / .JJ.Z 


0.3870 


0.3993 


1.6746 


0.1 1 


1.61 


3.27 


-0.43 


MTR APiNy 


SDSS T161 596 61+541005 Q 


16-1 5-96 61 

lO. 1J.ZU.UJ 


+54-10-06 1 
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Table 1 (cont'd) 
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68 


MTR Ani\T1 
-VI 1 lv_rtv I . N 1 


^n*\S T171Q51 46+584999 8 
OUoo Jl / l7Jl .t-Ut J O4ZZZ.0 


1 7-1 Q-S 1 40 
1 / . I7.J 1 ,fU 


4-S8-49-99 8 
TJo.tZ.ZZ.o 


7002 


6Q88 
U.U700 


7022 


24 


3 23 


3 47 


24 


MTR SR 


SSTXFT ^ 1179000 9+601590 

iJvJ 1 /V I LO J 1 / Z.UV7U. Z-T UU 1 JiU 


1 7-90-00 19 

1 / .Z.LJ.VAJ. JZ 


+60-1 V90 Q 

TUU. 1 J .iU.7 


9870 


9815 


9855 


19 


1 92 


3 11 


20 


MTR SR 
iviir\._oJj 


^STXFT S T1 79050 7 + 501 1 95 
Ml _AJT1_-,.j J 1 / ZUJy. / TJ7I 1ZJ 


1 7-90-SQ 80 
1 / .ZU.J7.0U 


_i_SQ- 1 1 -9S 7 
TJ". 1 1 .ZJ . / 


8240 


8256 


8256 


26 


6 1 1 

U.l 1 


1 00 

J.UU 


13 


MTR *\R 
iv 1 1 r\._ j 1 j 


Srj*\S T179191 10+601914 5 

kJUoO Jl / 7TUU IZlt. j 


17-91 -91 10 

1 / .Z. 1 .Z. J . 1 VJ 


+60-19-14 
tuv;. iz. it.u 


0.3250 


2.0704 


0.3099 


0.10 


1.04 


3.26 


-0.46 


MTR Ani\T1 

-VI 1 l\_,-\v I . N 1 


SDSS T179I47 65+585155 8 


17-91 -47 70 
1 / .z. 1 .t / . / \J 


+S8*S3 , S*i Q 
tjo.jj.jj.7 


6558 

U.UJJO 


6585 

U.UJ O J 


0.6618 


0.29 


6.29 


2.88 


-0.61 


MTR SR 

-VI 1 1\._.> 1 J 


<n*\TXFT S T179151 7+585197 
Ml .AJTIjO J 1 /Zl Jl, /+JOJJZ/ 


17-91 -S1 77 
l/.Zl.jl.// 


+ S8-S1-97 7 
TJo.Jj.Z/ . / 


61 01 

U.U1U1 


61 SQ 

U.01J7 


61 50 


1 s 

u. 1 J 


4 10 


9 78 
z. / 


1 17 

-1.1/ 


MTR SR 
IV 1 1 > I) 


SSTXFT S T179918 1+584144 

iJvJ 1 /V I LO J 1 / Z.Z. 1 O.JTJOl 111 


17-99-1 8 34 

1 / .Z.Z.. lO.Jl 


+S8-41 -44 6 

TJO.tl .T^.iJ 


0.8504 


0.8587 


0.8587 


0.13 


1.08 


2.98 


0.21 


MTR SR 

J VI 1 1\_.7 1J 


SDSS 11 77301 4S+^Q4f)^S X 

- 1 1 -V v J . 1 J 1 / Z. JU 1 .tJTJ TTVJJ . O 


17-91-01 40 

1 / .Z. J .Vj" 1 .t^Vj" 


T J7 .tU.Jt.U 


0.5232 


0.5249 


0.5249 


0.25 


4.45 


3.26 


0.26 


MTR SR 


SSTXFT *\ 1179303 3+5Q1600 

iJvJ 1 /V 1 J 1 / iJUJ.JTJ 7 1 UUVJ 


1 7-91-01 10 

1 / .Z. J .Vj" J . 3\J 


+SQ- 16-00 9 

T J 7 . 1 <J . 1. /V / . Z. 


1 9510 


1 9559 


1 9441 


0.36 


7 73 


2 39 


-1 48 


MTR SR 


Mf,r 6198 


17-91-41 00 

1 / .Z.3 • ■ 1 . UVJ 


-6V00-17 

UJ .K)\J. 3 I .\J 


0142 


0141 


1 7782 


13 


1 85 


4 06 


1 58 


MTR AnTsri 


3C 356 


1 7-94-1 Q 00 

1 / . Z.t .17. UV7 


+S0-S7-40 

TJU.J / .+V'.V' 


1 0790 


1 0873 


1 0873 


13 


2 85 


3.72 


16 


MTR AniVif 


SSTXFT ^ 1179498 4+601533 


17"24"28 44 


+60-1S-11 9 

TUVJ. 1 J. J J.ZV 


2 3250 


2 3394 


2 3394 


08 


1 29 


3 02 


23 


MTR Ani\I9 

J V 1 1 1\ _/AV 1 . *1 _ 


STjSS 11774^8 1^+^91 S4^ R 


1 7-94-S8 10 

1 / Zt.JO.JU 


+SQ- 1 ^-4^ 

TJ7. 1 J .t-J .U 


0.4940 


0.4947 


0.4947 


0.28 


8.51 


2.97 


-0.48 


MTR SR 


SDSS 1172704 67+593736 (S 

J17l)i3 J L 1 Z. / UT.U / TJ7J / JU.U 


17-27-04 67 


+59-37-36 6 

TJ7. J / .JU.U 


1.1284 


1.1294 


1.1294 


0.13 


1.39 


3.77 


0.11 


MIR AnN1 


l - V IV 111 JLf 


1 8-06-^0 70 

1 O .UU.JU. / u 


+69-49-98 

TU7.t7.ZOAj 1 


0.0510 


0.4390 


0.4390 


0.19 


1.62 


4.01 


0.48 


mtr AnTsri 

lVlirv_/r\vJl "1 1 


TR AS F1X716+6419 

IXVrtkJ 1 1 OZ 1UTU4 1 7 


1 8-91-S7 10 


+64-9016 

TU4.ZU. JU.U 


0.2970 


0.2969 


0.2969 


0.36 


2.71 


4.19 


77 


MTR Ani\T1 

1 V I 1 J . N 1 


3C 381 


1 8-11-46 10 

IO.JJ .T^U. 3\J 


+47-97-01 

Tt / .Z. / .UJ.U 


0.1605 


0.1595 


-0.0218 


0.16 


2.57 


4.31 


1.25 


MTR Ani\I9 
iviir\._/r\vji "i + 


pen 1 01 n 01s 


1 8-18-90 10 
1 O.jO.ZU.jU 


6S-9S-1Q 
-UJ.ZJ. J7.U 


0130 


0141 


0597 


30 


1 78 


4 si 

4.JJ 


9 19 
Z. JZ 


MTR Ani\T9 
IVl 1 l\_rtvl . N Z 


rnrri 1 1 4.095 

V V IV A J 1 1*+ UZ 1 


1 8-18-96 90 

1 O . JO.Z.U.Z.Vj' 


+17:11:49 7 


0168 


0161 


0161 


29 


1 29 


3 68 


34 


MTR Ani\T9 
1 VI 1 r\._i t \V 1 . N z 


Jv_, J7U.J 


1 8-49-OQ 00 
1 o.*+Z.U7.UU 


+7Q-46- 1 7 

T / 7.HO. 1 / .U 


OS 60 

U.UJUU 


1007 


1007 


35 


2 32 


4 65 


1 59 


MTR Ani\T1 

IVl 1 IX _/Al. T 1 \ 1 


9MACY T18470981 78114Q4 
zVlvlrtoA. J 1 ot / UZO J- 1 oj IHyt 


1 8-47-09 80 

lo.H-/ .UZ.oU 


78-11 -SO 

- / o.J 1 .JU.U 


0740 


0746 


0191 
U.U1Z1 


13 


1 10 

1 . 17 


3 87 


11 

U.J 1 


MTR Ani\T9 
IV 1 1 r\._rtv 1 . N z 


pen 1 ai nss 
lioU 141- vi Ujj 


1 Q-9 1-14 1 n 

1 y.zi . 14. iu 


co./in. 1 1 a 
-J0.4U.1 J.U 


ni^n 
u.ujou 


U.UJOO 


n rift 1 a 

U.UD 1 


n 1 n 

U.1U 


1 75 
1 . 13 


A 49 
4.4Z 


n 7A 
U. /o 


1V11K_/\vj1N 


AM 1925-724 


19:31:21.40 


-72:39:18.0 


0.0620 


0.0618 


0.0576 


0.41 


4.01 


4.51 


2.17 


MIR.AGN2 


NGC6810 


19:43:34.40 


-58:39:21.0 


0.0070 


0.0060 


0.0060 


0.48 


6.63 


4.22 


1.45 


MIR.SB 


2MASX J19455354+7055488 


19:45:53.50 


+70:55:49.0 


0.1008 


0.1007 


0.0985 


0.24 


3.84 


3.46 


-0.06 


MIR.AGN2 


Cygnus A 


19:59:28.30 


+40:44:02.0 


0.0560 


0.0555 


0.0555 


0.40 


2.71 


5.24 


2.85 


MIR.AGN2 


IRAS 20037-1547 


20:06:31.70 


-15:39:08.0 


0.1919 


0.1924 


0.1924 


0.28 


2.92 


4.24 


1.58 


MIR.AGN2 


NGC 6860 


20:08:46.90 


-61:06:01.0 


0.0150 


0.0121 


0.0121 


0.28 


2.32 


3.82 


0.37 


MIR.AGNx 


NGC 6890 


20:18:18.10 


-44:48:25.0 


0.0080 


0.0080 


0.0080 


0.27 


3.21 


3.84 


0.81 


MIR.SB 


MRK 0509 


20:44:09.70 


-10:43:25.0 


0.0340 


0.0346 


0.0243 


0.24 


1.38 


5.29 


2.80 


MIR.AGNx 


IRAS 20414-1651 


20:44:18.20 


-16:40:16.0 


0.0860 


0.0833 


0.0833 


0.72 


6.93 


4.06 


1.27 


MIR.SB 


3C 424 


20:48:12.00 


+07:01:17.5 


0.1269 


0.7505 


1.5189 


0.13 


2.23 


3.09 


0.15 


MIR.AGN1 


IC 5063 


20:52:02.30 


-57:04:08.0 


0.0110 


0.0100 


0.2510 


0.38 


2.04 


4.72 


2.31 


MIR.AGN2 


UGC 11680 


21:07:43.60 


+03:52:30.0 


0.0260 


0.0243 


0.0243 


0.20 


1.68 


3.57 


0.28 


MIR.AGN2 
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Table 1 (cont'd) 



source ID 


RA (J2000.0) 


Dec (J2000.0) 


£spec 


Z MCPL 


ZML 


r 


R 


\og,yV 


1 2 


MIRclass 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


t Tnr 1 11^80 wFnn? 

1 . V 1 v 1 lOou lycuyjj. 


91 -07-45 80 


+01-57-40 
TUj.JZ.'t u.u 


0761 


0104 


0741 


1 1 


1 66 
1.00 


4 79 
+.zy 


90 
u.yv 


MTR <\R 
1V11Ix_>jIj 


TR A <5 9 1 908-05 1 9 


71 -93-99 10 

Z 1 .ZJ .Z7. 1U 


-05 06-56 

UJ . UU. JU.U 


1300 


1275 


1297 


0.42 


6.01 


3.89 


1.54 


MTR SR 

J VI 1 1\_ J 1 J 


7yAQY T911S4S80 91191SQ 


91 -1S-4S 80 
Zl .jJ.tJ.OU 


■Zj.JZ.JJ .u 


1250 


1252 


1252 


54 


1 76 


4 61 


1 56 

1 .JO 


MTR SR 

IVl 1 IX_. J l) 


TRAS 914774-0S09 


91 -SO- 1 6 10 

Z 1 JU. 1 0.JU 


-i-OS- 1 6-01 

tUJ. 1U.UJ.U 


1710 


171 1 


171 1 


34 


7 79 
/ y 


4 67 


2 06 


MTR <\R 
IVl 1 IX_. 3 1 J 


Mf T r 7 1 79 

1 N VJ X 1 1 / Z. 


99-09-01 on 

ZZ.UZ.U 1 . 7v 


-11 -S9-1 1 
j 1 . jz. 1 1 .u 


0090 


0100 


0100 


63 


9.35 


4 38 


2 60 


MTR A(tN9 

lVlll\._rtjvJl> Z 


rT4R8Q1 9901 4-11 S 


99-01-1 s no 

ZZ.UJ. 1 J.UU 


4-11 -4S-18 

T J 1 ,H:J . JO.U 


2950 


2943 


3337 


08 


1 41 


4 93 


1 48 


MTR ACTM1 


9MASX T99041Q14+0111S1 1 


99-04-1 Q 90 

ZZ.Ut. 1 7 .ZU 


4-01-11-SO 

TUJ.JJ.JU.V7 


0.061 1 


0.0576 


0.1343 


0.15 


1.96 


4.55 


1.01 


MTR AnixT 

IVl 1 IV_/W. I . N 


NGr 79 1 1 


99-09-1 6 90 

ZZ.U7. 1 U.ZU 


-47-10-00 

-t + / . 1U. uu.u 


0060 


0.0040 


0.0040 


0.16 


1.23 


5.22 


3.44 


MTR AfrNI 


TR AS 77088-1 817 

1 I\ r\ . 1 Z.ZUOO lOJZ 


79-1 1 -33 80 


-18-17-06 
-10.1 / .uu.u 


0.1702 


0.1711 


0.1711 


0.74 


29.54 


4.27 


1.50 


MTR SR 

J VI 1 1\_ J 1 J 


MRK 0104 


79-17-19 90 

ZZ. 1 / . 1 Z.ZU 


+ 14-14-91 

TH. It.Zl.U 


0660 


0687 


0.0920 


0.10 


1.08 


4.99 


1.33 


MTR AfrNI 

.VI 1 1\ _r\v J L \ 1 


cum T991711 09-I-000Q06 


99-17-11 09 

ZZ. 1 / . JJ.UZ 


4-00 0Q 06 
tUU.U;/ .UU.U 


9760 


9968 


9540 


14 


1 24 


7 1Q 


75 
-0. / j 


UIIKIIUWII 


wr-f 1 79 S 9 

- N v I V. /ZJZ 


99-90-44 77 
ZZ.ZU.H-4-. / / 


94-40-41 8 
-Zt.'-tU.H- 1 .0 


01 58 


01 61 


01 61 

U.UIOI 


54 

U. J+ 


5 50 


5 OQ 


l 74 


MTR <\R 
.V I 1 IX_. 3 I J 


3C 445 


99-91-4Q 60 
ZZ.ZJ.tV.UU 


09-06-19 
-uz.uo. 1Z.U 


0560 


0387 


0387 


24 


1 45 


4 62 


1 52 


unknown 


IIVIACY T999SS4914-1QS8179 
ZlVlrtoA J ZZZjJtZJT I7J0J/Z 


99.9c.c4 9Q 
ZZ.Zj. JH-.ZU 


4-1Q-S8-17 
TI7.J0.J/.U 


1470 


1479 


1479 


29 


2 71 


4 39 


83 


MTR AON? 
IVlliX _rtUlN Z 


ITTRSQI 999S OSS 


99-98-10 40 

ZZ.Zo.JU.W 


OS- 1 8-SS 
-UJ . 1 o.JJ .U 


1 9810 


1 8858 


1 8858 


10 


1 77 


4 10 


66 


MTR AON1 

.V I 1 1\ _rAV J IN 1 


NGC 7114 

1 N V J V . /Jit 


99-1S-46 70 

ZZ J J .tu.zu 


-96-0101 

-ZU.UJ.U 1 .u 


0050 


0060 


0060 


0.43 


3 81 


4 19 


1.42 


MTR A(tN9 


U v I V 1Z1 JO 


99-40-1 7 00 

zz.tu. 1 / .uu 


4-08 01- 14 

TUO.UJ. It.U 


0.0250 


0.0243 


0.0243 


0.42 


6.21 


4.25 


1.32 


MTR SR 


Mm -01-S8-007 

IVH^-VJ -uj-jo-uu/ 


77-49-17 10 

Li.t7.J / . Ill 


-1Q-16-96 

17. 1U.ZU.V7 


0.0310 


0.0325 


0166 


0.24 


2.62 


3.97 


0.68 


MTR AfrNI 

.V I 1 1\ _/^v J L \ 1 


TR AS F994Q1 -1 808 

1 1\ /v . 1 1 Z.Z.T'71 1 OuO 


99-51-49 90 

ZZ. J 1 .17.ZU 


-17-S9-91 

- 1 / . JZ.Z J.U 


0.0760 


0.0790 


0.0790 


0.35 


1.10 


4.26 


2.04 


MTR SR 
j\ 1 1 1\_ j 1 j 


ITIR891 9751+1 1 1 
^n.jj07j zzj iti u 


99-54-1 40 

ZZ It. 1 U.tU 


+ 1 1 -16-18 

Til .JU.JO.U 


0.3260 


0.3743 


0.3743 


0.12 


1.14 


4.02 


0.99 


MTR AfrNI 

1V11 JX_rtXJlN 1 


wr,r 746Q 


91-01-1 S 60 
ZJ.UJ. 1 J.UU 


4-08-S9-96 

tUo. JZ.ZU.U 


01 60 


0161 

U.UIOI 


0121 


61 


1 99 

iu.yy 


4 15 


1 54 
1 . j+ 


MTR SR 


MRK 0Q96 

J V I I\ IX U7 zu 


91-04-41 SO 

Z J .Irr.TJ . JU 


-08-41 0Q 

i/o .T 1 .\)y .\j 


0.0470 


0.0450 


0.1297 


0.21 


1.91 


4 94 


2 31 


MTR A(tN9 

lVlll\._rt'Jl> z 


NCiC 7496 


23:09:47.30 


-43:25:41.0 


0.0060 


-0.0020 


-0.0040 


0.69 


14.12 


4.11 


0.84 


MIR.SB 


2MASSi J2315213+260432 ID 


23:15:21.40 


+26:04:32.0 


0.1790 


0.1782 


0.1782 


0.74 


39.43 


4.11 


1.06 


MIR.SB 


3C 459 


23:16:35.20 


+04:05:18.0 


0.2201 


0.2189 


0.2165 


0.22 


2.43 


3.62 


0.70 


MIR.AGN2 


NGC 7582 


23:18:23.50 


-42:22:14.0 


0.0050 


0.0040 


0.0040 


0.71 


18.35 


5.71 


3.46 


MIR.SB 


NGC 7590 


23:18:55.00 


-42:14:17.0 


0.0050 


0.0040 


0.0040 


0.40 


2.80 


3.60 


1.03 


MIR.SB 


NGC 7603 


23:18:56.60 


+00:14:38.0 


0.0295 


0.0304 


0.0304 


0.31 


1.82 


5.21 


2.88 


MIR.SB 


2MASX J23255611 + 1002500 


23:25:56.20 


+10:02:49.0 


0.1280 


0.1297 


0.1297 


0.49 


9.57 


3.99 


1.21 


MIR.SB 


2MASX J2335 1192+2930000 


23:35:11.90 


+29:30:00.0 


0.1070 


0.1074 


0.1118 


0.32 


3.49 


4.19 


1.70 


MIR.COMP 


NGC 7714 


23:36:14.10 


+02:09:18.6 


0.0090 


0.0080 


0.0080 


0.45 


2.40 


4.59 


2.35 


MIR.SB 


NGC 7720 


23:38:29.50 


+27:01:55.9 


0.0302 


0.5007 


0.2510 


0.11 


1.13 


3.62 


0.85 


MIR.AGN2 


2MASX J23444953+1221430 


23:44:49.50 


+ 12:21:43.0 


0.1990 


0.1996 


0.1996 


0.12 


1.31 


4.44 


1.05 


MIR^VGNl 


KUG 2346+0 19A 


23:48:41.70 


+02:14:23.0 


0.0310 


0.0325 


0.5097 


0.18 


1.01 


3.74 


0.72 


MIR.SB 


[HB89] 2349-014 


23:51:56.10 


-01:09:13.0 


0.1740 


0.1735 


0.1758 


0.18 


1.72 


4.27 


1.26 


MIR^VGN2 



Note. — (1) Source identification in NED. (2), (3) J2000 right ascension and declination. (4) Spectroscopic redshift from NED. (5), (6) MCPL and ML redshift 
solutions, respectively. (7) Reliability parameter for MCPL solution. (8) Ratio of y values for the first and second MCPL redshift solutions. (9) Logarithm of the 
net significance. ( 1 0) Logarithm of the reduced x 2 for the ML solution. (11) MIR classification of the source. 
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Table 2. Infrared templates 



1NO. 


template ID 


redshift 


type 


source 


1 


NGC 5011 


0.00105 


El-2 


CWW.E + IRS" 


2 


PG 1116+215 


0.1765 


QSO (S1.0) 


QSO.comp + IRS 


3 


PG 1048+342 


0.16713 


Elliptical (S1.0) 


QSO.comp + IRS b 


4 


2MASS J123241 14+11 12587 


0.249 


NLAGN 


QSO.comp + IRS 


5 


2MASXi 12222211 + 195947 


0.21 


Seyfert (S1.0) 


IRS + IRS C 


6 


PG 1440+356 


0.079 


QSO (Sin) 


QSO.comp + IRS 


7 


[HB89] 1415+451 


0.1136 


RQQ (S1.0) 


QSO.comp + IRS 


g 


3C 120 


0.03301 


BLRG 


QSO.comp + IRS 


9 


PG 1700+518 


0.292 


QSO (S1.0) 


QSO.comp + IRS 


10 


IRAS 23060+0505 


0.173 


ULIRG(Slh) 


AKARI + IRS 


11 


NGC 7674 


0.02892 


Seyfert (Slh) 


AKARI + IRS 


12 


IRAS 08559+1053 


0.148 


ULIRG (S2) 


AKARI + IRS 


13 


NGC 1068 


0.00379 


LIRG (S2) 


ISO SWS 


14 


NGC 7130 


0.01615 


LIRG (SI. 9) 


AKARI + IRS 


15 


PG 0157+001 


0.16311 


QSO(S1.5) 


QSO.comp + IRS 


16 


RG strong [SIV] 


0.00000 


RG composite 


IRS composite' 1 


17 


ESO 339-GOl 1 


0.0192 


LIRG (S2) 


AKARI + IRS 


18 


IRAS 22206-2715 


0.1314 


ULIRG (HII) 


AKARI + IRS 


19 


MCG-02-01-051 


0.0271 


LIRG (HII) 


AKARI + IRS 


20 


IRAS 11582+3020 


0.223 


ULIRG (LINER) 


AKARI + IRS 


21 


IRAS 12359-0725 


0.138 


ULIRG (HII/LINER) 


AKARI + IRS 


22 


IRAS 12018+1941 


0.1686 


ULIRG (S2) 


AKARI + IRS 



a Optical-NIR elliptical galaxy template from Coleman et alj )l980l) . 
b Glikman + blueAGN composite. 

Extended at shorter wavelengths using IRS spectrum of BAL QSO ELAISC15 J003059-442133 
(z=2.101). 

d composite spectrum of radiogalaxies with strong emission in the [SIV] 10.51 urn line. 



Table 3. Reliability of redshift meassurements 



y range 


N sources 


<T(df 


median S b 


f(S < 0.02) c 


f(6 > 0.02) d 


f(S>0Af 


0.05-0.1 


73 


0.0279 


0.0040 


0.53 


0.47 


0.30 


0.1-0.15 


80 


0.0204 


0.0020 


0.73 


0.28 


0.12 


0.15-0.2 


49 


0.0131 


0.0019 


0.88 


0.12 


0.08 


0.2-0.3 


89 


0.0084 


0.0011 


0.96 


0.04 


0.03 


0.3-0.5 


123 


0.0056 


0.0009 


0.98 


0.02 


0.01 


0.5-1.0 


77 


0.0020 


0.0009 


1.00 


0.00 


0.00 



''standard deviation of redshift errors (excludes catastrophic errors). 
b median redshift accuracy (excludes catastrophic errors), 
'frequency of accurate redshift solutions. 
d frequency of outliers, 
frequency of catastrophic errors. 
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Table 4. Dependency with MIR type 



subset 


MIR.SB 


MIR.AGN 


MIR.AGN1 


MIR.AGN2 


Total 


S < 0.02 


179 


223 


80 


114 


422 


S > 0.02 


2 


62 


33 


10 


69 


y>0.15 


175 


149 


54 


86 


338 


y > 0.15 &rS< 0.02 


173 


139 


47 


85 


325 


y > 0.15 & (5 > 0.02 


2 


10 


7 


1 


13 


Total 


181 


285 


113 


124 


491 
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Table 5. Sources with accurate secondary redshift solutions 



SOUILC IldlllC 


Zspec 


ZMCPL 




Zalt 


"alt 


7alt 






p 






(2) 




(3) 






\?) 


(6) 


(1\ 
\i ) 




(°) 


[HB89] 1435-067 





,1260 





,0768 





.1343 


0.0073 





,017 


20 





.2059 


[HB89] 1543+489 





.3996 





,8662 





,4077 


0.0058 





052 


6 


0. 


0584 


2MASSi J1516532+190048 





.1900 





,2386 





,1924 


0.0020 


0. 


053 


6 





0265 


2MASSi J1649149+530316 


2 


.2600 


2 


,5317 


2, 


,2084 


-0.0158 





081 


2 


0, 


0390 


2MASX J00215355-7910077 





.0728 





,0304 





,0725 


-0.0003 





,090 


2 


0, 


,0020 


2MASX JO 1500266-0725482 





.0180 





,0876 





,0182 


0.0002 


0, 


,186 


3 





0012 


2MASX J 14025 1 2 1 +263 1 1 75 





.1870 





,1185 





,1641 


-0.0193 





.071 


5 


0. 


1313 


3C 015 





.0730 


3, 


,3134 





,0725 


-0.0005 


0. 


,045 


13 


0, 


,0076 


3C 076.1 





.0324 





,8812 





,0366 


0.0041 


0. 


060 


2 





0102 


3C 424 





.1269 





,7505 





,1230 


-0.0035 





044 


5 


0. 


0215 


4C +29.31 





.3980 


1 


.8457 





,3993 


0.0009 


0. 


,070 


2 





,0022 


APMUKS(BJ) B003833.18-442916.3 


1 


.3800 





6618 


1 


,4105 


0.0128 


0. 


,064 


2 





0316 


B3 1635+416 


1 


.1790 


1 


,0055 


1 


.1423 


-0.0169 


0. 


.085 


3 


0, 


0616 


ELAISC15 J0030 14-430332 


1 


.6540 


1 


,3770 


1 


.6480 


-0.0022 


0. 


067 


2 


0, 


,0056 


FLXJ142644.33+333051.7 


3 


.3550 


1 


,5391 


3 


,3568 


0.0004 





074 


3 





0015 


GALEX 2533910445613399575 


1 


,7070 


1 


,9677 


1 


7069 


-0.0000 





087 


4 


0, 


0001 


GOODS J123600.15+621047.5 


2 


.0020 





,4593 


2, 


.0156 


0.0045 





037 


7 


0, 


,0388 


LBQS 0018-0220 


2 


.5960 





,8183 


2, 


,5958 


-0.0001 


0. 


.062 


3 


0, 


,0002 


MESSIER 058 





.0050 





,5218 





.0040 


-0.0010 





,136 


2 





,0055 


MM J163655+4059 


2 


.5920 


3 


,1031 


2 


.6030 


0.0031 


0, 


,084 


2 


0. 


,0076 


MRK 0704 





.0290 





,5619 





,0304 


0.0014 





.175 


3 





,0111 


MRK 1298 





.0620 





,3688 





,0768 


0.0140 





.044 


9 





,2177 


NGC 2484 





.0408 





,4332 





.0387 


-0.0020 


0, 


.034 


17 





0414 


PG 0052+251 





,1550 





,1252 





.1479 


-0.0061 


0. 


098 


3 


0. 


0308 


PG 1004+130 





.2410 





,1434 





,2287 


-0.0099 





036 


9 





,1430 


PICTOR A 





.0340 





.0040 





.0408 


0.0066 


0. 


.139 


2 





,0255 


SBS 1408+567 


2 


.5830 


2 


.7500 


2 


,5246 


-0.0163 


0. 


030 


11 


0, 


2045 


SDSS J012341.46+004435.9 





.3990 


2 


.2602 





,4105 


0.0082 





069 


2 





,0203 


SDSS J103951.48+643004.2 





.4020 


1 


,0831 





,4049 


0.0020 





.082 


2 


0, 


0053 


SDSS J123716.59+621643.9 





.5570 


1 


8061 





,5495 


-0.0048 





,088 


2 


0, 


0120 


SDSS J160250.95+545057.8 


1 


,1970 





,3073 


1 


,1943 


-0.0012 





053 


3 


0. 


0046 


SDSS J161007.1 1+535814.0 


2 


.0150 


1 


,8800 


2 


,0216 


0.0022 


0. 


037 


12 


0, 


0323 


SDSS J161526.63+543005.9 


1 


.3670 


1 


,1681 


1 


,4009 


0.0143 


0. 


054 


3 


0, 


,0525 


SDSS J163721.21+41 1502.7 


2 


.3560 


3, 


,1031 


2 


,3061 


-0.0149 


0. 


,065 


7 


0, 


1224 


SDSS J163739.43+414348.0 


1 


,4140 





.9346 


1 


,4153 


0.0006 





041 


11 


0, 


0075 


SDSS J163847 .42+421 141.7 


1 


,7710 


1 


.6961 


1 


,8118 


0.0147 





.040 


8 


0. 


1373 


SDSS J163952.85+410344.8 


1 


.6030 


1 


,5240 


1 


.5595 


-0.0167 





.068 


4 


0, 


,0805 


SDSS J164016.08+412101.2 


1 


.7620 


1 


,1638 


1 


,8061 


0.0160 





041 


8 


0, 


,1484 


SDSS J171313.96+603146.5 





.1050 





,1900 





.1163 


0.0102 





081 


2 





,0252 


SDSS J171324.17+585549.1 





.6090 





,6420 





,6095 


0.0003 





056 


4 





0015 


SDSS J171748.42+594820.6 





,7630 





,7262 





.7646 


0.0009 


0. 


053 


3 


0, 


0033 


SDSS J171902.28+593715.9 





.1783 





,1118 





,1829 


0.0039 


0. 


.015 


20 


0, 


,0964 


SDSS J172123. 19+601214.5 





.3250 


2 


.0704 





.3099 


-0.0114 


0. 


098 


2 


0, 


0282 


SST24J143424.4+334543 


2 


.2630 


2 


.3729 


2 


,2537 


-0.0029 





085 


2 


0. 


0071 


SWIRE J104406.30+583954.1 


2 


.4300 


3, 


,8730 


2, 


,3797 


-0.0147 





.029 


9 





1528 


SWIRE J104409.95+585224.8 


2 


.5400 





,4247 


2, 


,5387 


-0.0004 


0. 


045 


3 





,0013 


SWIRE4 J002959.22-434835.1 


2 


.0390 


2 


.1324 


2 


.0156 


-0.0077 





050 


5 





,0470 


UGC 00595 





.0450 





.3826 





,0471 


0.0020 





060 


7 





0171 



Note. — (1) Source identifier in NED. (2) Optical spectroscopic redshift. (3) MCPL redshift solution. (4) 
Redshift of secondary MCPL solution that matches z spe c. (5) Redshift error for secondary solution. (6) Reliability 
parameter for secondary solution. (7) Order number of the secondary solution after sorting by decreasing y values. 
(8) Probability of secondary solution being spurious. 



